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BACKGR&)UND OF THE INVENTION

:?he é;esent invention relates to a semiconductor
integrﬁted ci#cuit having a differential amplifier which
amplifies 'a..smail signal, and particularly to a circuit
arrangement of a sense amplifier used suitably in a static RAM
(Random Access Memory).

There has been known this kind of sense amplifier having
a circuit arrangement on a semiconductor chip as shown in Fig.3.
Inthefigure,referencesymbolsCDBOZ,CDTOZ,SAEQ802andSACMO2
denote external input signals supplied to the sense amplifier,
STB02 and STT02 are nodes for output signal lead-out, VCC is a
supply voltage, and GND is a ground voltage.

Among the input signals, the CDB02 is fed to the gate of
an NMOS transistor MN203, the CDT02 is fed to the gate of an NMOS
transistor MN204, the SAEQB02 is fed to the gates of PMOS
transistorsMPZOl,MPZOZ,MP203,MﬁZOG,MPZO?andFWZOB,andthe
SAC.MOZ is fed to the gate of an NMOS transistor MN205. The supply
voltage VCC is fed to the sources of the PMOS transistors MP201,
MP202, MP204, MP205, MP206 and MP207. The node STT02 is
connected to the node of drains (joint drains) of the PMOS
transistor MP205 and NMOS transistor MN202, the joint gates of
the PMOS transistor MP204 and NMOS transistor MN201, and the drain
of the PMOS transistor MP201.

The PMOS transistor MP203 has its drain-source path
connected between the gates of the PMOS transistors MP204 and

MP205. The node STB02 is connected to the joint drains of the




acircuit ar rﬂ@gﬁé}ﬁﬁhtsBEHﬂRaplﬁed‘n conductor chip as shown in Fig.3. 1In the
figure, refere ‘ 3| | @iB02, CDT02, SAEQBO2 and SACM)2 denote external
i nput signals Hgaim e sense arrpl ifier, STBO2 and STT02 are nodes
for output sig VCCis a supply voltage, and G\D is a ground
vol t age. Among the input signals, the CDB02 is fed to the gate of
an NMOS transistor MN203, the CDTO2 is fed to the gate of an NMOS

transi st orPWGﬂ@nﬂﬂetosman@ MMOq trmnishie tgatt@R 0df tOEC iy gAEPSt or s
MP201, MP202, MP203, MP206, MP207 and MP208, and the SACWMD2 is fed to the
gate of ampNVBE RMChSFatois 28820 Tradsii)? Frapsi s befe Wee2y andeiheo t he
sources of the PMOS transistors MP201, MP202, MP204, MP205, MP206 and
MP207. Theraiodef SHEOPMOS trennheteedPRO2t hEheoB¥ODE rgral mseXg YPAP6 dr ai ns)
of the PMOS

and MP207 have their drains connected to the drains of the

transistors MN203 and MN204, respectively.

The PMOS transistor MP208 has its drain-source path
connected between the drains of the NMOS transistors MN203 and
MN204. The NMOS transistors MN203 and MN204, with their sources
connected together, have their drains connected to the sources
of the NMOS transistors MN201 and MN202, respectively. The NMOS
transistor MN20S has its source grounded, its drain connected
to the joint sources of the NMOS transistors MN203 and MN204,
and its gate supplied with the signal SACMOZ;

In this conventional sense amplifier, the NMOS transistor
MN205 serves as a current source, and a pair of NMOS transistors
MN203 and MN204 connected to the current source form a
differential circuit. The PMOS transistor MP204 and NMOS
transistor MN201l form one inverter and the PMOS transistor MP205
and NMOS transistor MN202 form another inverter, with these
inverters forming a latch circuit. Accordingly, this sense
amplifier is a 3-stage serial connection of the latch circuit,
differential circuit and current source.

Normally, the input signal SAEQBO2 is "low", causing the
PMOS transistors MP203 and MP208 to equalize and reset the nodes
STB02 and STT02 to the supply voltage VCC, and the activation
signal SACM02 is "low" so that the sense amplifier stays inactive.

Fig.4 shows the operating waveforms of this conventional

sense amplifier. At a time when a small voltage difference




transi stor NPZ@ﬁsg@g}ﬁbgggﬁgﬁaglstor MN202, the joint gates of- the PMOS
transi stor MP204 |k e f@ansi stor M\201, and the drain of the PMOS
transi stor MP20 “J%MEEPNCS transi stor MP203 has its drai n-source
path connect ed B¢ ey i tes of the PMOS transistors MP204 and MP205.
The node STB02 is connected to the joint drains of the

-2- PMOS transi stor MP204 and NMOS transi stor MN201, the joint gates
arises between the input signals CDT02 and CDB02, e.g., the.CBT02

voltage is VCC and the CDB02 voltage is VCC-V1 (VI<VCC), the
signal SAEQB02 is brought to "high" and subsequently the signal
SACM02 is brought to "high". Consequently, a current Il flows
through the NMOS transistor MN204 and a current I1-I2 (I1>I2)
flows through the NMOS transistor MN203.

Since the nodes STB02 and STT02 are reset to the voltage
vcC, the currents I1 and I1-I2 flow through the NMOS transistors
MN202 and MN201l, respectively, resulting in a slight voltage
difference emerging between the nodes STB02 and STT02 (STBO2
voltage becomes lower than STT02 voltage). This voltage
difference is amplified by the latch circuit formed of the PMOS
transistors MP204 and MP205 and NMOS transistors MN201 and MN202,
resulting in an amplified voltage difference produced between
the nodes STB02 and STTO02.

At the time of arise of a small voltage difference between
the input signals CDT02 and CDB02, the signal SACMO2 is brought
to "high", as mentioned above, thereby to activate the sense
amplifier, and the reset signal SAEQBO2 is brought to "high".
Consequently, currents flow through the NMOS transistors MN203
and MN204 having the input signals CDT02 and CDB02. The values
of these currents depend on the difference of gate voltages of
the transistors MN203 and MN204. The current difference causes
the latch circuit to produce output signals, which are amplified
voltages of the input signals CDT02 and CDB02, on the nodes STB02
and STTO2.

A sense amplifier having the foregoing arrangement is

described in publication: 1992 Symposium on VLSI Circuits Digest




of the PMOS t rafasihsk nis BMRAQBa@d NMOS transi stor MN202, and the drain of

t he PMOS transi EEEA QR (0| [Eale PMOS transi stors MP206 and MP207 have their
drai ns connect e%@agn Al lﬁ. of the transistors M\203 and M\204,
respectively. e "PMOS transi stor MP208 has its drain-source path
connected between the drains of the NMOS transistors MN203 and M\204. The
NMOS transistors MN203 and MN204, with their sources connected together,
have t hei Pt dfefsicednReeesd tRP 1A 28oufeee*adPlthe NMOS transi stors M\201
and MN202, respectively. The NMOS transistor MN205 has its source
grounded, its dilaiSnPebfnkdied 504 7 HR JisctrsedultesSof 1T he AAEBSEr ansi st or s
M\203 and MN204, and its gate supplied with the signal SACMI2. I n
this conveRPFOrRIPlddA&&E-anplifier, the NMOS transi stor

Japanese patent publication JP-A-Hei-5-298887 shows in
its Fig.12 a sense amplifier, which operates such that the
amplifier is rid of equalization in response to the output of
data from the DRAM memory cell, and the data is introduced through
joint-source PMOS transistors P1 and P2 located at the front of
the latch circuit.

In regard to the conventional sense amplifier shown in
Fig.3, in which the differential circuit and latch circuit are
connected in series, the current on the node STB02 (or STT02)
is drawn by way of the NMOS transistors MN201 and MN203 (or MN202
and MN204), i.e., three series NMCS transistors inclusive of the
currentsourcetransistorMNZOS,andthehigh—resistancecurren£.'
path results in an extended output response time on the node STB02
(or STT02). Specifically, as an example of application of this
sense amplifier, a cache memory formed of a static RAM operating
at a read cycle of 66 MHz takes an output response time of about
2.0 ns. In order to accomplish a cache memory which operates
as fast as 100 MHz or higher, a sense amplifier having an cutput
delay time of 1.5 ns or less is required.

The sense amplifier described in the U.S.Patent
No.4,504,748 does not use a latchcircuit formed by CMOS inverters,
and therefore a small output voltage amplitude results in a slower
signal propagatioﬁ to the next stage.

In regard to the sense amplifier described in the JP-

A-Hei-5-298887, the joint-source PMOS transistors Pl aninﬁéﬁ
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Is a 3-stage serial connection of the latch circuit,

di f f er ent fakming cihiet iapualt clectént shDheesense ampliRpenedd pottavd gput si gnal
s "low', causing the PMOS transistors MP203 and MP208 to equali ze
and reset cbihronctes enSTRIZ canda:BT T02stttha hepsumsicy ivol degen®¥t®avend t he
activation signal SACMI2 is "low' so that the sense anplifier stays

SAEQBO2 |

i nacti ve.

a differential input configuration. On this account, the sense
amplifier suffers a smaller operational margin in terms of the
input voltage amplitude and a limited amplification, and
therefore it cannot deliver an amplified signal of data from a
memory cell at a high speed.

A large number of sense amplifiers are used in a memory,
and they take up a large proportion of the chip area (e.g.,5%
area for a 1M-bit cache memory), and therefore besides the
achievement of speed-up without increased power consumption, the
reduction of the number of transistors used te form a sense

amplifier thereby to reduce the chip area is also desired.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to

provide a semiconductor integrated circuit for a sense amplifier

capable of reducing the output delay time which is the time length
after the sense amplifier is activated and the reset signal
(SAEQBO02) is removed until the amplifier output responses.

Another object of the present invention is to provide a
semiconductor integrated ci;cuit for a sense amplifier capable
of reducing the output delay time without imposing an increased
power consumption, and reducing the number of constituent
elements thereby to reduce the chip area.

In order to achieve the above objects, the present

invention resides in a semiconductor integrated circuit

comprising a differential amplifying circuit formed of a first




Fig.4 shows the operating vvaveforms of this conventional sense anplifier.
At a tinme when ahis$hadtHasReed Regleedi f f er ence ari ses between the

i nput signal s CDT(ERER MHle.g.. the CDT02 voltage is VCC and the
CDB02 vol tage is |V '.;;l the si gnal SAEQBO2 is brought to "high"
and subsequently the' si gna ACMD2 i s brought to "high". Consequently, a
current |1 flows through the NMOS transistor MN204 and a current |1-12
(11>12) fdnginss e¢demoiugiMashet NVES sttoarsi stioh WNR2GB. sources connected

=

tbgether, for amplifying a voltage difference between a first
and second input signals, i.e., specifically, NMOS transistors
MN101 and MN102 for amplifying a voltage difference of input
signals CDB01l and CDTO1 in Fiqg.1l, a current source connected to
the joint sources of the first and second NMOS transistors, and
a latch circuit made up of a £irst CMOS inverter which is supplied
on its input with the output of the differential amplifying
circuit corresponding to the second input signal and is connected
to a first power line, i.e., supply voltage VCC, and a second
CMOS inverter which is supplied on its input with the output of
the differential amplifying circuit corresponding to the first
input signal and is connected to the first power line, the first
and second CMOS inverters having their outputs connected to the
inputs of the second and first CMOS inverters, respectively, and
being connected in series to the current source.

The first CMOS inverter is formed of a first PMOS
transistor, i.e., MP104 in Fig.l, having its source connected
to‘the first power line and a third NMOS transistor, i.e., MN103,
having its drain connected to the drain of the first PMOS
transistor. The second CMOS inverter is formed of a second PMOS
transistor, i.e., MP105, having its source connected to the first
power line and a fourth NMOS transistor, i.e., MN104, having its
drain connected to the drain of the second PMOS transistor. The
current source is formed of a fifth NMOS transistor, i.e., MN105,
having its source connected to a second power line, i.e., ground
voltage GND, its gate supplied with a third input signal, i.e.;,

SACMO01l, and its drain connected to the sources of the first and

l\\ll\’

Taommrinm e T T



Since the nodes STB02 and STTO02 are reset to the voltage VCC, the currents

11 and 11-12 fl ohktHe TRIMOS transistors  MN202 and M\201,
respectively, resyligsis H '%
the nodes STB02 arjqiff 1

ght voltage difference energing between
_ 1 ; vol t age becones | ower than STT02
vol t age) . This voltage difference is anplified by the latch circuit
formed of the PMOS transistors MP204 and MP205 and NMOS transistors M\N201
and M\N202secerd ifNOhdgriansantenl i fi ed voltage difference produced between
the nodes STBO2 and STTO02. At the time of arise of a small voltage
di ff erence bet wekreferabliynptite siigivalis Comolpemridcdpges, at eled MY SACMD2 s
brought to "high", as nentioned above, thereby to activate the sense

transistor, i.e., MP101l in Fig.l, having its drain connected to

the gates of the first PMOS transistor and the third NMOS

transistor, the drains of the second PMOS transistor and the

second and fourth NMOS transistors, a fourth PMOS transistor,

i.e., MP102, having its drain connected to the gates of the second

PMOS transistor and the fourth NMOS transistor, the drains of

the first PMOS transistor and the first and third NMOS transistors,

and a fifth PMOS transistor, i.e., MP103 having its drain-source

path connected between the gates of the first and second PMOS

transistors, with the third, fourth and fifth PMOS transistors

being supplied on their gates with a fourth input signal, i.e.,

SAEQBO1.

Alternatively, the circuit further includes a sixth NMOS

transistor connected between the first NMOS transistor of the
differential amplifying circuit and the current source, i.e.,
MN106 connected between the MN101 and the current source MN105
in Fig.6, and supplied on its gate with the ocutput signal of the
second CMOS inverter of the latch circuit, and a seventh NMOS
transistor connected between the second NMOS transistor of the
differential amplifying circuit and the current source, i.e.;
MN107 connected between the MN102 and the current source MN105,
and supplied on its gate with the output signal of the first CMOS
inverter of the latch circuit.

Preferably, the circuit further includes a sixth PMOS

transistor having its drain-source path connected between the

drains of the sixth and seventh NMOS transistors, i.e., MP106
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anplifier, and th i

Consequent |y, currefjgs Ex the NMOS transistors MN203 and M\N204
havi ng the i nput sig#E \nd CDB02. The values of these currents
depend on the differg fof lllgetletlvol t ages of the transistors MN203 and
MN204. The current difference causes the latch circuit to produce output
signals, which are anplified voltages of the input signals CDT02 and
CDB02, on h@ydngoktess dsABDEougsg Bthogonnected beyagankhe gﬁf)wwéft%vi ng the

foregoi ng arrangenent is described in publication: 1992 Synposium on VLSI
Circuits MNg@§tand MN107 in Fig.6, with the sixth PMOS transistor being

, @02 is brought to "high",
%fgﬁ

supplied on its gate with the fourth irput signal, i.e., SAEQBOL.
These and other objects and features of the present
invention will become more apparant from the Ffollowing

description taken in conjunction with :he accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of a sense amplifier
accomplished by a semiconductor inteqraﬁed circuit based on a
first embodiment of this invention;

Fig. 2 is a waveform diagram explaining the operaiion of
the sense amplifier shown in Fig.1l;

Fig. 3 is a schematic diagrar: of a conventional sense:
amplifier;

Fig. 4 is a waveform diagram e:;plaining the operation of
the conventional sense amplifier shown in Fig.3;

Fig. 5 is a waveform diagram e: plaining the opervation of
the sense amplifier shown in Fig.1l;

Fig. 6 is a schematic diagram of a sense amplifier
accomplished by a semiconductor intejyrated circuit based on a
second embodiment of this invention

Fig. 7 is a waveform diagram e:plaining the operation of
the sense amplifier shown in Fig.6;

Fig. 8 is a schematic diagram of a sense amplifier
accomplished by a semiconductor intejrated circuit based on a
third embodiment of this invention;

Fig. 9 is a schematic diagram of a sense amplifier




-4- of Technical Papers, pp.28-29, for exanple. U S. Patent
No. 4, 504, 748 dlﬁgggggagg}edﬁ@a&ug 6 another sense anplifier.
Japanese pat ent g gRt A- Hei - 5-298887 shows in its Fig.12 a sense
anplifier, whlchjE “‘E & that the amplifier is rid of equalization
In response to t s ata fromthe DRAM nenory cell, and the data
I's introduced through joint-source PMOS transistors Pl and P2 | ocated at
the front afconpliéshed dby @i semitonductor integrapat ¢irouihdasmiventa onal
sense anplifier shown in

fourth embodiment of this invention;

Fig. 10 is a waveform diagram explaining the operation
of the sense amplifiers shown in Fig.8 and Fig.9;

Fig. 11 is a schematic diagram of a sense amplifier
accomplished by a semiconductor integrated circuit based on a
fifth embodiment of this invention;

Fig. 12 is a schematic diagram of a sense amplifier
accomplished by a semiconductor integrated circuit based on a
sixth embodiment of this invention;

Fig. 13 is a waveform diagram explaining the operation
of the sense amplifierslshown in Fig. 11 and Fig. 12; and

Fig. 14 is a waveform diagram explaining the operation

of the sense amplifiers shown in Fig. 11 and Fig. 12.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of this inventionwill be explained
with reference to the drawings.

Fig. 1 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the first embodiment
of this invention. In the figure, reference symbols CDB01, CDTO1,
SAEQBO1 and SACMO1 denote external input signals supplied to the
sense amplifier, STBO1 and STT01 are nodes for output signal
lead-out, VCC is a supply voltage, and GND is a ground voltage.

Among the input signals, the CDB01l is fed to the gate of
an NMOS transistor MN101l, the CDTO01 is fed to the gate of an NMOS
transistor MN102, the SAEQBOl is fed toc the gates of PMOS

transistors MP101, MP102 and MP103, and the SACMO1 is fed to the




Fig.3, in whi ChThtlJ’s%eegHisz%&%El%&h circuit and latch circuit are connected

In series, the c thiggnode STBO2 (or STT02) is drawn by way of the
NMOS t r ansi storsTmﬂmlﬁa@ E
NMOS transi stors

3 (or M\N202 and MN\204), i.e., three series
%8t he current source transistor M\2 05, and

the high-resistance current path results in an extended output response
time on the node STB02 (or STT02). Specifically, as an exanple of
appl i cati ogaé dfhas NMOEnsmr@EijpitpliMi¥105a ceicheupphpvplitepasifCofisfedt ati ¢ RAM
operating at a read cycle of 66 MHz takes an output response tinme of about
2.0 ns. | ntorder sboraes mplthePMOSC &ches hetprsy MRAD th MRid2at ¥B10HsnHlast as
100 MHz or higher, a sense anplifier having an output delay tine of 1.5 ns
or | ess i sMPeQui r @de node STTO0This sommectaplid itbe jebr idvedns of tée
U. S. Pat ent

PMOS transistor MP105 and NMOS transistor MN104, the joint gates

of the PMOS transistor MP104 and NMOS transistor MN103, and the
drain of the PMOS transistor MP101.

' The PMOS transistor MP103 has its drain-source path
connected between the gates af the PMOS transistors MP104 and
MP105. The node STBO01l is connected to the joint drains of the
PMOS transistor MP104 and NMOS transistor MN103, the joint gates
of the PMOS transistor MP105 and NMOS transistor MN104, and the
drain of the PMOS transistor MP102. The NMOS transistor MN101
has its drain connected to the joint drains of the NMOS transistor
MN103 and PMOS transistor MP104, and the joint gates of the NMOS
transistor MN104 and PMOS transistor MP105.

The NMOS transistor MN102 has ité drain connected to the
joint drains of the NMOS transistor MN104 and PMOS transistor
MP105 and the joint gates of the NMOS transistor MN103 and PMOS
t;ansistor MP104. The NMOS transistor MN10S5 has its source
grounded and its drain connected to the joint sources of the NMOS
transistors MN101, MN102 MN103 and MN104.

The sense amplifier of this embeodiment consists of a latch
circuit which is made up of a CMOS inverter formed of the PMOS
transistor MP104 and NMOS transistor MN103 and another CMOS
inverter formed of the MP10S and MN104, a differential amplifying
circuit formed of the NMOS transistor MN101 connected in parallel
to the MN103 of the latch circuit and the NMOS transistor MN102

connected in parallel to the MN104, and a current source which

10




No. 4, 504, 748 does not use a Iatch circuit formed by CMOS inverters, and
therefore a smal | out put VEWrxij HasBs ie results in a slower S|gnal
propagation to the next stagé gl regard to the sense anplifier
described in the JP- A-Hei -|{BifERHS: gl j oi nt-source PMOS transistors P1
and P2 - 5- formng the input
section of the sense anplifier do not have a common current source, and

t hus t he iyﬁpgprge@tqﬁ)ﬁh30§§0$uﬂrq§g@§tor MN105 connected in series to

the NMOS transistors MN101l, MN102 MN103 and MN104,.

The sense amplifier operates as follows. The NMOS
transistors MN101 and MN102 amplify a small voltage difference
between the input signals CDT01 and CDBC1l, causing the voltage
on the nodes STBG1 and STT01 to vary. The NMOS transistors MN103
and MN104 amplify the varied voltages on the nodes STB01 and STTO1.
This circuit arrangement, in which a small voltage difference
between the input signals CDTO01 and CDBO1l is amplified in two
stages and the amplifyingcircuit is of 2-stage serial connection
of the current source transistor MN105 and transistors MN101 and
MN103 (or MN102 and MN104), can reduce the delay time of output
response on the node STB01l (or STTO01).

Fig. 2 shows the signal waveforms of the sense amplifier
shown in Fig.l. Normally, the signals SACMO1l and SAEQB(01l are
"low", causing the nodes STBO1 and STTO01l to be reset to the VCC
voltage. At a time when a small voltage difference arises
between the input signals CDT01 and CDB01, e.qg., the CDT01 voltage
is ‘VCC and the CDB01 voltage is VCC-V1 (V1<VCC), the reset signal
SAEQBO1 is brought to "high" (i.e., reset state is lifted ), and
subsequently the signal SACMO01 is brought te "high" (i.e., sense
amplifier is activated). Consequently, a current Il flows
through the NMOS transistor MN102 and a current I1-I2 (I1>I2)
flows through the NMOS transistor MN1O01.

At this time, a small voltage difference emerges between
the nodes STBO1 and STT01 (STBO1 voltage becomes lower than STT01
voltage). This voltage difference is amplified by the latch

circuit formed of the PMOS transistors MP104 and MP105 and NMOS
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a differential input configuiali®np.ddRefitkd account, the sense anplifier

suffers a snall er operation ";@ erns of the 1input voltage
anplitude and a limted anpD )Eﬂd therefore it cannot deliver an
bry'"Eel | at a hi gh speed. A

anplified signal of data fr
| ar ge nunber of sense anplifiers are used in a nenory, and they take up a
| arge proportion of the chip area (e.g.,5% area for _a 1Mbit cache
menory), &RanehetefoMElfdgndedNike rgehilbingrdt apfarpddéded piiteAsut

i ncreased power consunption, the reduction of the nunber of transistors
used to ferafacedrsidfexzaprefhetvastetdpynedes ctiR9 #RE eRWfPlarea is al so
desired. SUVMARY OF THE | NVENTI ON

This sense amplifier is different from the conventional
sense amplifier shown in Fig.3 in that a small voltage difference
is amplified in two stages and the amplifying circuit is of
2-stage serial connection of the current source transistor MN105
and transistors MN101l and MN103 (or MN102 and MN104), and it can
reduce the delay time of output response on the node STBO1l (or
STT01) by At, as shown in Fig.2 in contrast to the conventional
circuit of Fig.4.

It was confirmed that the sense amplifier of this
embodiment made from CMOS of 0.4um process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier. Namely, it operates faster than the conventional
sense amplifier.

The sense amplifier of this embodiment shown in Fig.1l also
operates in response to the rises of the SACM01l signal to "high"
and next the SAEQBO1l signal to "high" (reversed order of rising
of.the signals against the case of Fig.2), as shown in Fig.5.

At a time wheh a small voltage difference arises between
the input signals CDTC1l and CDBOl, e.g., the CDTOl voltage is
VCC and the CDBO1 voltage is VCC-V1 (V1<VCC), the signal SACMO1
is brought to "high" and next the signal SAEQBO1l is brought to
"high®". 1In this case, during the period when SACMO1l is "high"
and SAEQBO1 is "low", a current from the power source flows to
the PMOS transistors MP101l, MP102 and MP1l03, to the NMOS
transistors MN101, MN102, MN103 and MN104, and to the GND, causing

the voltage on the nodes STB01 and STTO01 to fall below VCC. At

12 ‘n.



Accordi ng

sem conduct or integra
the output delay tine
Is activated and the r

ly, an objec ,og eﬂkwjnvention is to provide a

? a sense anplifier capable of

tﬁﬁﬁi
o t = »

reduci ng

% me length after the sense anplifier
HBAEQBO2) is renmoved until the anplifier

out put responses. Anot her object of the present invention is to
sem conductor integrated circuit for a sense anplifier capable
of reduci fget rereiimet tee afplitiege of ttheuinpupesiongla@Pitc begies tpower
consunption, and reducing the nunber of constituent elements thereby to
reduce thé&adhirpcrealing a voltage difflerence delfvecn the impotesbialots, the

provi de a

pr esent

I nvention resides in a sem conductor integrated circuit
CDT01 and CDBCG1l, and the current of the NMOS transist_or: MN101

becomes smaller than the current of the NMOS transistor MN102.
Consequently, a slight difference emerges in the falling voltage
on the nodes STBO01l and STT01 (STBO1l voltage becomes lower than
STT01 voltage).

Subsequently, when the signal SAEQBO1 goes "high", the
slight voltage difference is amplified by the latch circuit
formed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104, resulting in an amplified voltage
difference between the nodes STBO1l and STT01l. There is already
a voltagedifference betwefen the nodes STB01 and STT01, with their
voltages being below VCC, when the signal SAEQBO1 goes "high",
and the delay time of output response on the nodes STB01 and STTO1
are reduced by Atl as shown in Fig.5 in contrast to the circuit
of Fig.2 (in which case, SAEQBO1l goes "high", and next SACMO1
goes "high"}).

The sense amplifier of this embodiment has its number of
transistors reduced to 10 from the conventional sense amplifier
of Fig.3 having 13 transistors, and it contributes significantly
to the reduction of chip area for a memory which uses a large
number of sense amplifiers.

Fig. 6 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the second embodiment
of this invention. This sense amplifier, which is derived from
the first embodiment of Fig.1l, further includes an NMOS

transistor MN106 inserted between the NMOS transistors MN105 and
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conprising a differential anplifying circuit fornmed of a first

-6- and second NMIGistShearik BéedRsplaced t h t heir sources together, for
anplifying a voltage tween a first and second input signals,
i.e., specifically, rs MN101 and WMN102 for anplifying a

vol tage difference of Tnpu I'gnal s CDB01 and CDTO1 in Fig.1, a current
source connected to the joint sources of the first and second NMOS

transi st oM103drechd endtdectNMAS BrAns ipgde M3 03fing efritedtbeCyesn itde¢dMOSr which is

supplied
transistors MN10S and MN102. Specifically, the MN106 and MN107

have their drains connected to the sources of the MN101 and MN102,
respectively, and their gates connected to the nodes STT01 and
STBO1l, respectively. The source-grounded NMOS transistor MN105
has its drain connected to the joint sources of the NMOS
transistors MN106, MN107, MN103 and MN104. Further included is
a PMOS transistor MP106 having its drain and source connected
to the node of the source of MN101l and drain of MN106 and the
node of the source of MN102 and drain of MN107.

The sense amplifier of this embodiment consists of a latch
circuit flormed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104 connected as shown in Fig.1l, the NMOS
transistor MN101 connected in parallel to the MN103 of the latch
circuit, the NMOS transistor MN106 connected in parallel to the
MN103 and in series to the MN101l (and connected at its gate to
the output of the inverter formed of the MP10S5 and MN104}, the
NMOS transistor MN102 connected in parallel to the MN104, the
NMOS transistor MN107 connected in parallel to the MN104 and in
series to the MN102 (and connected at its gate to the output of
the inverter formed of the MP104 and MN103), and the NMOS
transistor MN105 as a current source connected in series to the
MN106, MN107, MN103 and MN104.

This sense amplifier operates similarly to the first
embodiment as follows. The NMOS transistors MN10l and MN102
amplify a small voltage difference between the input signals
CDTO01 and CDPBO1l, causing the veltage on the nodes STB0O1 and STTO01

to vary. The NMOS transistors MN103 and MN104 amplify the varied

‘ THIS 5
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on its input with the outout of the dlfferentlal anplifying circuit
corresponding to the s 3L g ¢ RS] and is connected to a first power
line, i.e., supply volt :aﬁsecond CMOS inverter which is
supplied on its input AL il the differential anplifying
circuit corresponding to the first input signal and is connected to the
first power line, the first and second CMOS inverters having their outputs
connectedvpdtﬁﬁesqmﬁﬁﬂ394ﬁ8$?ﬁ9%ﬁﬁﬁﬁﬁﬂ%hd Fhisrcicrpst pRYRRIEFRE
respectively, and being connected in series to the current source.

The first ieVEBithvemmedli so¥traredibfereidea HetPRES the dasrstvignglse. | MP104
in Fig.1, having its source connected to the first power line and a third
NVOS tranQDgloér ang C‘é)BOlNNiocgnle.fled in two stages and the amplifying

circuit is of 2-stage serial connection of the current source
transistor MN105 and transistor MN103 (or MN104), can reduce the
delay time of output response on the node STBOl (or STTOl).

In addition, during the period after output signals have
been led out to the ncdes STBO01l and STTO0l, e.g., "low" output
to sTBO1 and "high" output to STTO01, until the signals SAEQBO1
and SACMO0]l go "low", the NMOS transistor MN107 having its gate
connected to the node STBO1 turns off. Namely, the current
flowing in this period in the case of the first embodiment from
the power source tc the PMOS transistor MP105 having its gate
connected to the node STB01, to the NMOS transistor MN102 having
its gate supplied with the input signal CDT01 ("high"), to the
current source NMOS transistor MN105, and to the GND can be
eliminated. As a result of the addition of the NMOS transistors
MN106 and MN107, the power consumption of the sense amplifier
can be reduced.

Fig. 7 shows the signal waveforms of the sense amplifier
shown in Fig. 6. Normally, the signals SACMO1l and SAEQBO1l are
"low", causing the nodes STBO01l and STT01l to be reset to the VCC
voltage. At a time when a small voltage difference arises
between the input signals CDPT01 and CDBO01l, the reset signal
SAEQBO1l is brought to "high" (i.e., reset state is lifted), and
subsequently the signal SACM01 is brought to "high" (i.e., sense
amplifier is activated).

At this time, a small voltage difference emerges between
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havi ng

haV|ng its source conn

its drain connected to the dqaln of the first PMOS
second CMOS i nverter

Isjﬁgjﬁ
transistor, i.e., NNlO

ond PMOS transistor, i.e.,

transi stor. The

MP105,

?Erst power |line and a fourth NMOS
diidrai n connected to the drain of the

second PMOS transistor. The current source is fornmed of a fifth NMOS
transistor, i.e., M105, having its source connected to a second power

i ne,

si gnal ,

and

voltage). This voltage difference is amplified by the latch
circult formed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104, resulting in an amplified voltage
difference produced between the nodes STBOl and STTO01.

This sense amplifier is different from the conventional
sense amplifier shown in Fig.3 in that a small voltage difference
is amplified in two stages and the amplifying circuit is of
2-stage serial connection of the current source transistor MN105
and transistor MN103 (or MN104), and it can reduce the delay time
of output response on the node STB01l (or STTC1).

In addition, during the period after the outputs on the
nodes STBO01 and STTO01 have varied, e.g., "high" output to STBO1
and "low" ocutput to STTO01, until the signals SAEQBO1l and SACMO1
go "low", the NMOS transistors MN103 and MN106 having their gates
connected to the node STT01 and the PMOS transistor MP10S5 having
its gates connected to the node STBO01 all turn off, causing the
current ISA flowing through the current source MN105 to the GND
to_zero.

In contrast, in the first embodiment of Fig.1l, a current
ISA flows during this period from the power source to the PMOS
transistor MP104 having its gate connected to the node STT0IL,
to the NMOS transistor MN10l having its gate supplied with the
input signal CDBO1l (VCC-V1 is higher than threshold voltage of
NMOS transistor), to the current source MN105, and to the GND.
In the conventional sense amplifier shown in Fig.3, the NMOS

transistor MN201 having its gate connected to the node STT02 and

the PMOS transistor MP105 having its gate connected to the node_,.,__-——ﬂ-~“'”
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second NMOS transi stors,
third PMOS transistBEs:
the gates of the firsgvf
drains of the second

Sheet Has Been refierably, the circuit further

B 1

i ncl udes a

in Fig.1l, having its drain connected to
or and the third NMOS transistor, the
and the second and fourth NMOS

transistors, a fourth PMOS transistor, i.e., MP102, having its drain
connected to the gates of the second PMOS transistor and the fourth NMOS
transi st GTBORHA @ fi induping tihis peyiad PMIS ingais et rendnidb X Akevindst and
third NMOS transistors, and a fifth PMOS transistor, i.e., MP103 having
its drai FhgouskethpgUriemineentee HEiAMSe ot hke RN FoPuPRédei rst and second

PMOS

The current ISA flowing through the MN105 based on this
embodiment is compared in Fig.7 with that of the first embodiment
of Fig.1l and the current flowing through the MN205 of the
conventional sense amplifier shown in Fig.3. The figure reveals
that the second embodiment of Fig.7 can reduce the current ISA
relative to the first embodiment, and it is comparable to that
of the conventional sense amplifier.

It was confirmed that the sense amplifier of the second
embodiment made from CMOS of 0.4um process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier and, at the same time, a load current of 200 pA (at
200 MHz ) which is comparable to the conventional sense amplifier.
Namely, it operates faster than the conventional sense amplifier
at a comparable power consumption.

The sense amplifier of this embodiment also operates in
response to the rises of the SACMO1 signal to "high"™ and next
the SAEQBO1l signal to "high" (reversed order of rising of the
signals against the case of Fig.2) similarly to the first
embodiment shown in Fig.5, and it can reduce the delay time of
output response on the node STBO01l (or STTO0l) by Atl.

Fig. 8 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the third embodiment
of this invention. This sense amplifier, which is derived from
the second embodiment of Fig. 6, has the NMOS transistors MN106
and MN107 connected to receive another signal SACMBO1 on their

gates.
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transistors, with th%m£§k& as @y@%gmgnd fifth PMOS transistors being

supplied on their gat

Al ternatively,

connect ed between the

h input signal, i.e., SAEQBOL.

the cir i ncl udes a SIXth NMOS transi stor

circuit and the current source, i.e., M106 connected between the MN101
and the current source MNIO5 in Fig. 6, and supplied on its gate wth the

out put si gnal
sevent h NMOS

the differirriidl farped Poyi the EMPEUitangid tohe MRIOHemd $BUPEand NKOS
connect ed between the MN102 and the current source M\105,

of ThReensecswd ICVEB dfrvieist embafinend doasdlsteiofcyilateland a

transi stor connected between the second NMOS transi stor of

IMN107
and supplied on

its gate vixdnsimEogat WutoLiagpdaMNdP4 tdpmneicktstt GVBEBown in Fig. 1, the

NMOS transistor MN101 connected in parallel to the MN103 of the
latch circuit, the NMOS transistor MN106 connected in parallel
to the MN103 and in series to the MN101l (and supplied on its gate
with the signal SACMB01}, the NMOS transistor MN102 connected
in parallel to the MN104, the NMOS transistor MN107 connected
in parallel to the MN104 and in series to the MN102 (and supplied
on its gate with the signal SACMBO1l), and the NMOS transistor

MN105 as a current source connected in series to the MN106, MN107,

MN103 and MN104.

This sense amplifier reduces the output delay time in the
same fashion as the second embodiment. In addition, by bringing
the signal SACMBO1 to "low" during the period after output signals
have been led out to the nodes STB01 and STT01, e.g., "high" output
to STB01 and “low" output to STTO01, when the signal SAEQBO1 is
“low" anduntil the signal SACM01 goes "low", the NMOS transistors
MN106 and MN107 having their gates supplied with the signal
SACMBO1 are turned off, whereby the increase of power consumption
can be prevented similarly to the second embodiment as compared
with the first embodiment of Fig. 1.

Fig. 9 shows a sense anmplifier accomplished by a
semiconductor integrated circuit based on the fourth embodiment
of this invention. This sense amplifier, which is derived from
the third embodiment of Fig. 8, includes an NMOS transistor MN108
in place of the PMOS transistor MP106, with its gate being

supplied with the signal SACMB0l. Namely, the sense amplifier

{'nuss
i
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I nverter of the |at ' L. Preferably, the circuit further

I ncludes a sixth P I §He£t§1§ee 16i"aivi ng its drain-source path connected
bet ween the drai ngﬁﬁgﬁﬁ ' ’ seventh NMOS transistors, i.e., MP106
-8- having its drai glhigonnect ed bet ween the drains of the MN106
and MN107 in Fig.6, with the sixth PMOS transistor being supplied on its
gate with the fourth input signal, i.e., SAEQBO1.

of this embodiment is similar in arrangement to the <hird

embodiment of Fig. 8.

This sense amplifier reduces the output delay time in the
same fashion as the second embodiment. In addition, by bringing
the signal SACMBO1 to "low" during the period after output signals
have been led out to the nodes STB01 and STT01, e.g., "high" output
to STBO1 and "low" output to STT01, when the signal SAEQBO1 is
"low" and until the signal SACMO01 goes "low", the NMOS transistors
MN106, MN107 and MN108 having their gates supplied with the signal
SACMBO1 are turned off, whereby the increase of power consumption
can be prevented similarly to the second embodiment as compared
with the first embodiment of Fig. 1.

Fig. 10 shows the signal waveforms of the sense amplifiers
shown in Fig. 8 and Fig. 9. During the period after the outputs
on the nodes STB0l and STTO01 have varied, e.g., "high" output
to STBO1l and “low" output to STTO01l, until the signals SAEQBO1
and SACMO1 go "low", the NMOS transistor MN103 and PMOS transistor
MP105 having their gates connected to the nodes STT01 and STBO1
re;pectively, turn off, and the NMOS transistors MN106, MN107
and MN108 having their gates supplied with the signal SACMBO1
are turned off by bringing the signal SACMBC1l to "low" in this
period, causing the current ISA flowing through the current
source MN105 to the GND to zero.

The current ISA flowing through the MN105 based on this
embodiment is compared in Fig. 10 with that of the first
embodiment of Fig.l and the current flowing through the MN205
of the conventional sense amplifier shown in Fig. 3. Namely,

the sense amplifiers of the third and fourth embodiments shown
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These and

nore appar ent from t he¥
acconpanyi ng draw ngs.
is a schematic diagram

ot her objects and_feat%ges of the present invention wll

inlfler acconpl i shed by a

becone

~§ér|pt|on taken in conjunction with the

Fig. 1

sem conductor integrated CIrCUIt based on a first embodi ment of this
Fig. 2 is a waveform di agram expl aining the operation of
the sense &mpligtifeandFdgn 9 nedpeptlively have Higir Suisersscérematincedi agr am of
a conventional sense anplifier; Fig. 4 is a waveform di agram
expl ai ni ngre¥etiomer e i dikeof f£irst embodiment and comparable to the

i nventi on;

conventional sense amplifier.

It was confirmed that the sense amplifier of this
embodiment made from CMOS of 0.4pm process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier and, at the same time, a load current of 200 pA (at
200 MHz) which is comparable to the conventional sense amplifier.
Namely, it operates faster than the conventional sense amplifier
at a comparable power consumption.

The sense amplifier of this embodiment also operates in
response to the rises of the SACMOl signal to "high" and next
éhe SAEQBC1 signal to "high" (reversed order of rising of the
signals against the case of Fig.10) and the SACMBO1 signal to
"low" (as same as one of Fig.10) similarly to the first
embodiment shown in Fig.5, and it can reduce the delay time of
output response on the node STB0O1l (or STT01l) by Atl.

Fig. 11 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the fifth embodiment
of this invention. This sense amplifier, which is derived from
the third embodiment of Fig. 8, includes source-grounded NMOS
transistors MN109 and MN110 inplace of the NMOS transistors MN106
and MN107, with their drains being connected to the sources of
the NMOS transistors MN101 and MN102, respectively.
Accordingly, the NMOS transistors MN103 and MN104 have their
joint sources connected to the drain of the source-grounded NMOS
transistor MN105. The NMOS transistors MN10l and MN102 have

theirsourcesconnectedtothedrainsofthesource—groundedNMOS
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the conventional sense anpl
maveforn1diagran1e§'

—
LD
(¢

b [ Shown in Fig.s3; Fig. 5is a
eration of the sense anplifier shown in
Fig. 1; Fig. 6 & EH c diagram of a sense anplifier
acconpl i shed by a senti tegrated circuit based on a second
enbodi ment of this invention Fig. 7is a maveforn1diagran1exp|aining
the operation of the sense amplifier shown in Fig.6 8is a
schemat | BT &0 Bt EamsoN K0 % and M3l | Faspec ta¥e byl THRSHN 1P an%é‘i‘ﬁlé nduct or
integrated circuit based on a third enbodi ment of this invention;

Fig. 9 ibate seidiragieéedi suprirhasf wathempethamplsiibnat SACOL.

The sense amplifier of this embodiment is made up of a
latch circuit formed of the PMOS transistors MP104 and MP105 and
NMOS transistors MN103 and MN104 connected as shown in Fig.1,
the NMOS transistor MN101 connected in parallel to the MN103 of
the latch c¢ircuit, the NMOS transistor MN102 connected in
parallel to the MN104, the current source NMOS transisto;'MNlog
connected in series to the MN101l (and supplied on its gate with
the signal SAC01l}, and the current source NMOS transistor MN110Q
connected in series to the MN102 (and supplied on its gate with
the signal SACC1).

| This sense amplifier operates similarly to the first
embodiment as follows. The NMOS transistors MN101 and MN102
amplify a small voltage difference between the input signals
CDTO01 and CDBQ1, causing the voltage on the nodes STBC1 and STTO1
to vary. The NMOS transistors MN103 and MN104 amplify the varied
voltages on the nodes STB01 and STT01. This circuit arrangement,
in.which a small voltage difference between the input signals
CDTO01 and CDBO1l is amplified in two stages and the amplifying
circuit is of 2-stage serial connection of the current source
transistor MN105 and transistor MN103 (or MN104) and also of
2-stage serial connection of the current source transistor MN109
and transistor MN10l {or MN110 and MN102), can reduce the delay
time of output response on the node STBOl1l {oxr STTO01).

The signal SACO1l is brought to "high" simultaneously to
the rise of the signal SACMO0l. By bringing the signal SACO01 to

"low" during the period after output signals have been led out

21

———
. H
« 2t




-9- acconplished b A N ntegrated circuit based fourth
enbodinen?pof this anls eﬂ qgaﬁ&%ﬁmdFlgg 10 i s a wavef orm di agr am
expl ai ning the operatl Ee anplifiers shown in Fig.8 and Fig.9;
Fig. 11 is a schematic Hisense anplifier acconplished by a

sem conduct or |ntegrated CIrCUIt based on a fifth enbodinent of this

I nventi on; Fig. 12 is a schematic diagram of a sense anplifier
to the nodes STBO1 and STTC1 until the signals SAEQBO1 and SACMO1

go "low", the NMOS transistors MN109 and MN110 having their gates
supplied with the signal SACO0l1 are turned off, whereby the
increase of power consumption can be prevented as compared with
the first embodiment of Fig.l.

Fig. 12 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the sixth embodiment
of this invention. This sense amplifier, which is derived from
the fourth embodiment of Fig. 9, includes source-grounded NMOS
transistors MN109 and MN110 inplace of the NMOS transistors MN106
and MN107, with their drains being connected to the sources of
the NMOS transistors MNIOl and MN102, respectively.
Accordingly, the NMOS transistors MN103 and MN104 have their
joint sources connected to the drain of the source-grounded NMOS
transistor MN105. The NMOS transistors MN101l and MN102 have
their sources connected to the drains of the source-grounded NMOS
transistors MN109 and MN110, respectively. The MN109 and MN110
have their gates supplied with another signal SACOl. Namely,
th_e sense amplifier of this embodiment is similar in arrangement
to the fifth embodiment of Fig. 11.

This sense amplifier operates similarly to the first
embodiment as follows. The NMOS transistors MN101 and MN102
amplify a small voltage difference between the input signals
CDTO01 and CDBO1, causing the voltage on the nodes STBQ1 and STTO1
to vary. The NMOS transistors MN103 and MN104 amplify the varied
voltages on the nodes STB01 and STT01. This circuit arrangement,
in which a small voltage difference between the input signals

CDTO01 and CDBO1 is amplified in two stages and the amplifying ...
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acconpl i shed by a sem.co top itntegrated circuit based on a sixth
enbodi nent of thi sﬁ%n& wrﬂgyﬁe'eellcetd Fig. 13 is a waveform di agram

expl ai ni ng the‘oper%1 H‘ lbense anplifiers shown in Fig. 11 and Fig.
12; and Fig. [ avet or m di agr am expl ai ni ng the operation of
the sense anplifiers shown in Fig. 11 and Fig. 12. DESCRI PTI ON OF THE
PREFERRED ENMBODI NENTS Preferred enbodi nents of this invention wll
be expl ai R&BSUHF tif PEf ETEIRES SETLAL RMRCHISD of the gpgrent ApRKSea sense

anplifier acconplished by a sem conductor integrated circuit based on the
first enmbbdppehttor MN105 and transistor MN103 (or MN104) and also of

2-stage serial connection of the current source transistor MN109
and transistor MN101l (or MN110 and MN102), can reduce the delay
time of output response on the node STB01l (or STTOLl).

The signal SACOl is brought to "high" simultaneously to
the rise of the signal SACM0l. By bringing the signal SACO0l to
"low"® during the period after output signals have been led ocut
to the nodes STB01 and STT01 until the signals SAEQB01 and SACMO1
go "low", the NMOS transistors MN109, MN110 and MN108 having their
gates supplied with the signal SACO01 are turned off, whereby the
increase of power consumption can be prevented as compared with
the first embodiment of Fig. 1.

Fig. 13 shows the éignal waveforms of the sense amplifiers
shown in Fig.1l1l and Fig.12. During the pericd after the outputs
on the nodes STB01l and STTO0l have varied, e.g., "high" output
to STBO1l and "low" output to STTO01l, until the signals SAEQBO1
and SACMO1 go "low", the NMOS transistor MN103 and PMOS transistor
M?lOS having their gates connected to the nodes STT01 and STBO1
respectively, turn off, and the NMOS transistors MN109, MN110
and MN108 having their gates supplied with the signal SACC1 are
turned off by bringing the signal SACO01l to "low" in this period,
causing the current ISA flowing through the current source MN105,
MN109 and MN110 to the GND to zero.

The current ISA flowing through the MN105 based on this
embodiment is compared in Fig.13 with that of the first embodiment
of Fig.1l and the current ISA flowing through the MN205 of the

conventional sense amplifier shown in Fig.3. Namely, the[-senige;j'r"‘""""","."""'""""'
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of this

vol t age,

i nventi on. In.
and SACMD1 denot e ext €l
STBO1 and STTO1 are no

Lgéérelgkep{a%erence synbol s CDB01, CDTO1,

g

SAEQBO1

als supplied to the sense anplifier,
signal |ead-out, VCCis a supply
Anong the input signals, the

CDBO1 is fed to the gate of an NMOS transistor MN101, the CDTOl1l is fed to
the gate of an NMOS transistor MN102, the SAEQBO1l is fed to the_ gates of
PMOS tr afRSifdreEsveidie fbibh andds Moalp embeddmeRes SACH11T SH9dd1to t he

and Fig.12 have their currents ISA reduced relative to the first
embodiment, and operate faster than the conventional sense
amplifier at a éomparable power consumption.

It was confirmed that the sense amplifier of this
embodiment made from CMOS of 0.4um process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier. WNamely, it operates faster than the conventional
sense amplifier.

The sense amplifier of this embodiment operates similarly
to tﬁe first embodiment shown in Fig.5 also in response to the
rises of the SACM01 signal to "high" and next the SAEQBO1 signal
to "high" (reversed order of rising of the signals against the
case of Fig. 13) and to the rise and fall of the signal SACO]
simultanecusly to the rise of SACMO01l and fall of SAEQBOI,
respectively, and it can reduce the delay time of output response
on the node STBOl (or STTO01l) by At5, as shown in Fig.14.

As will be appreciated from the foregoing embodiments,
thg present invention reduces the response time of sense
amplifier after a voltage difference arises between the input
signals and the amplif_ier is rid of being reset and get activated
until it delivers an amplified voltage difference.

The inventive sense amplifier reduces the response time
without imposing the increase of power consumption relative to
the conventional sense amplifier.

The igventive sense amplifier has a reduced number of
transistors és compared with the conventional sense amplifier,

contributing to the reduction of chip area, and consequently to
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gate of an NMOS transi stor MN105. The supply - voltage VCCis fed to the
sources of the PMOS transistors MP101, MP102, MP104 and MP105. The node
STTO1 is connected to the joint drains of the PMOS transistor MP105 and
NMOS transi stor MN104, the joint gates of the PMOS transistor MP104 and
NMOS transi stor MN103, and the drain of the PMOS transistor MP101.

The PMOS transistor MP103 has its drain-source path connected between the
gates of threpMIerentstSydeid ppdCheariiuchenst mrufifsde rSTBGPsts connect ed
to the joint drains of the PMOS transistor MP104 and NMOS transi stor
IMN103, the joi nifhgaeethe @resgatPMOSntigmshas dreawPiescakbeANIDS dEansi st or
MN104, and the drain of the PMOS transistor MP102. The NMOS transi stor

MN101 preferred embodiments, changes and modifications can be made

without departing from the spirit of the inventien.
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has its drain conqected Q the joint drains of the NMOS transistor IWMN103
€ A% and the joint gates of the NMOS transistor

IMN104 and MP105. The NMOS transistor MN102 has its

drain conn oi nt drains ﬁf t he NNCS transi stor MN104 and PMOS

transistor MPL05 and the joint gates 7 si stor MN103 and PMOS
transi stor MP104. The NMOS transi stor vas! ()] giource grounded and
its drain wameaest edatMed hes j oi nt sources of thé NMOS  transistors IMN101,
IMN102 MN103 and IMN104. The sense anplifier of this enbodi nent
consists of a latch <circuit which is made up of a CMOS inverter fornmed of
the PMOS transistor MP104 and NMOS transi stor MN103 and anot her CMOS

1. A semiconductor integrated circuit comprising:

a first and second input signal lines;

a differential amplifying circuit including a first and
second NMOS transistors, with the sources thereof being
connected together, for amplifying a voltage difference of a
first and second input signals on said first and second input
signal lines;

a current source connected to the sources of said first
and second NMOS transistors; and

a latch circuit made up of a first CMOS inverter which
is supplied Sn its input with the output of said differential
amplifier corresponding to said second input signal and is
connected to a first power line, and a second CMOS inverter which
is supplied on its input with the output of said differential
amplifier corresponding to said first input signal and is
connected to said first power line, said first and second CMOS
inverters having their ocutputs connected to the inputs of said
second and first CMOS inverters, respectively, and being

connected in series to said current source.

2. A semiconductor integrated circuit according to claim.l,
wherein said first CMOS inverter consists of a first PMOS
transistor having its source connected to said first power line
and a third NMOS transistor having its drain connected to the
drain of said first PMOS transistor, said second CMOS inverter

consists of a second PMOS transistor having its source connected
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i nverter fornmedof the IVP105 and WMN104, adifferential anplifying
formed of the ' ]

The sense anplifier operates as follows. The NMOS
to said first power line and a fourth NMOS transistor having-its

drain connected to the drain of said second PMOS transistor, and
said current source consists of a £ifth NMOS transistor having
its gate supplied with a third input signal and its drain
connected to the sources of said first and second NMOS

transistors.

3. A semiconductor integrated circuit according to claim 2
further including:

a third PMOS transistor having its drain connected to the
gates of said first PMOS transistor and said third NMOS transistor
and the drains of said second PMOS transistor and said second
and fourth NMOS transistors;

a fourth PMOS transistor having its drain connected to
the gates of said second PMOS transistor and said fourth NMOS
transistor and the drains of said first PMOS transistor and said
first and third NMOS transistors; and

a fifth PMOS transistor having its drain-source path
copnected between the gates of said first and second PMOCS
transistors,

said third, fourth and fifth PMOS transistors being

supplied on their gates with a fourth input signal.

4. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor connected in series between said

first NMOS transistor of said differential amplifying circuit

and said current source and supplied on its gate with the output
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f erence between the

3™ i g the VOli} Rnrdd'ecs STBO1 and
an

transi stors MN101 and
, causing the vol t&

RUERARRL T 1 L e )

anpl|fythevar|edvd]tagesonthenodes STBO1 and STTIOHa!s uit
arrangenment, in which a small voltage difference betmeen t e I nput signal s
CDTO1 and CDBOl is anplified in two stages and the amplifying circuit is
of 2-stageiges} #If eshtersciood CFS tinwertier exft sgbdriatcly ghsssitor aRM105 and
transistors MN101 and MN1O3 (or MN102 and MN104), can reduce the del ay
time of output aresHMdES tirnaisterSPBOECcted ISFRFLps betvween saffifiy. 2 shows
the signal waveforms of the sense anplifier shown in Fig.l. Normally, the
si gnal s SAenrd AHGS INEARGE tareot sked/ diffaryentgat FepdddesnsTEOTUARd STTO1 to

be reset to the VCC
and said current source and supplied on its gate with the output

signal of said first CMOS inverter of said latch circuit.

5. A semiconductor integrated circuit according to claim 4
further including:
a sixth PMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors and being supplied on its gate with the fourth iﬁput

signal.

6. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor connected in series between said
first NMOS transistor of said differential amplifying circuit
and said current source;

a seventh NMOS transistor connected in series between said
second NMOS transistor of said differential amplifying circuit
and said current source; and

a sixth PMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors and being supplied on its gate with the fourth input
signal,

said sixth and seventh NMOS transistors being supplied

on their gates with a fifth input signal.
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voltage. At a tinme when a small voltage diffg

AR | T SN

le ce arlses bet ween t he

uhygc and t he

ElCID, the reset sif k) 1S brought to
"high" (i.e.,*reSet-st"até is lifted ), and sUH# i fhle signal SACW1
I s brought to "high" (i.e., sense anplifier-is activa . Consequent | y,

a current 11 flows through the NMOS transistor MN102 and a current |1-12
(11>12) floits theenghordictidvobntegrrsiest ol rfplDBccording tonclpfnsd time, a
smal | voltage difference energes between the nodes STBO1 and STTO1l (STBO1
vol t age befiorider| dnetuddrnmy STTO1 voltage). This voltage difference is
anplified by the latch circuit forned of the PMOS transistors MP104 and
MP105 and NMOS a sixth NMOS transistor connected in series between said
first NMOS transistor of said differential amplifying circuit
and said current source;
a seventh NMOS transistor connected in series between said
second NMOS transistor of said differential amplifying circuit
and said current source; and
an eighth NMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
.transistors,

said sixth, seventh and eighth NMOS transistors being

supplied on their gates with a f£ifth input signal.

8. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor having its drain-source path
connected in series between said first NMOS transistor of said
differential amplifying circuit and said second power line;

a seventh NMOS transistor having its drain-source path
connected in series between said second NMOS transistor of said
differential amplifying circuit and said second power line; and

a sixth PMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors and being supplied on its gate with the fourth input
signal,

said sixth and seventh NMOS transistors being supplied

on their gates with a sixth input signal.
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-12-  transistors MN103 and MN104, resulting in an anplified v produced
~difference between the nodes STBO1l and STTO1. This sense anplifier
is different fr ifnal  sense anplifier shown in Fig.3 in that
a small vol tageﬁm Hﬂmﬂmm sifanpl i fied in two stages and the anplifying
circuit is of 2-st‘agé sé&ri&l ‘tonnection of the current source transistor
MN105 and transistors MN101 and MN103 (or MN102 and MN104), and it can
reduce the delay tinme of output response on the node STBOl1l {-or

9. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor having its drain-source path
connected in series between said first NMOS transistor of said
differential amplifying circuit and said second power line;

a seventh NMCS transistor having its drain-source path
connected in series between said second NMOS transistor of said
differential amplifying circuit and said second power line; and

an eighth NMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors,

said sixth, seventh and eighth NMOS transistors being

supplied on their gates with a sixth input signal.
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STTO01) by At, as shown in Fig.2 in contrast to the conventional circuit of
Fig. 4. It was confirned that the sense anplifier of this

embodi ment made from CMOS of O. 4[err] m process attains a delay tine
reduction At of 0.6 ns as conpared with the conventional sense anplifier.
Nanely, it operates faster than the conventional sense anplifier.

The sense e | ment shown in Fig. 1 also operates in
response %gghéE?lé%ELH%%I%cggﬁ%%Dl signal to "high" and next the SAEQBO1
signal to "high" (reversed order of rising of the signals against the case
of Fig.2), as shown in Fig 5. At a tinme when a small voltage

difference ari Seﬁ sggge amphﬁer which is intended to reduce the output response

time after it has received a small voltage difference until it delivers
amplified output signals, consists of a latch circuit made up of a pair of
CMOS inverters, a pair of NMOS transistors connected in parallel to the
latch circuit, a‘nd a current source connected in series to the latch circuit
and NMOS transistor pair. The NMOS transistors amplify a small voltage
difference of input signals, and the inverters of the latch circuit further
amplify the resulting voltage difference to produce the output signals.
Based on that a small voltage difference of input signals is amplified in two
stages and that the amplifying circuit is of 2-stage serial connection of the
current source and the NMOS transistor or CMOS inverter, the delay time

of output response can be reduced.
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t he i nput signals CDT0O1 and CDBO1l, e.g., the CDTO1 voltage is VCC and the
-CDB01 voltage is VCC-V1 (V1<VCC), the signal SACMI1 is brought to "high"
and next the signal SAEQBO1 is brought to "high". In this case, during the
period when SACMI1 is "high" and SAEQBOl is "low', a current fromthe
power source flows to the PMOS transistors MP101, MP102 and MP103, to the
NMOS transistorsMN1O1, MN102, MN10$/qpdMN104, and to the GND, causing the

vol tage on the nodes STBO1l and STTOl to fall bel ow VCC. At
-13-

FIG. 1
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the sane time, the voltage of the input signal CDBOl begins to fall,
.creating a voltage difference between the input signals CDTOl1 and CDBO1,
and the current of the NMOS transistor MN101 becones snaller than the
current of the NMOS transistor MN102. Consequently, a slight difference
energes in the falling voltage on the nodes STBO1 and STTO1 (STBO1l volt age
becones | ower than STTOl1l vol tage). 4 Subsequent |y, when the signal
SAEQBO1 goes "high", the slight vol ?ég}e difference is anplified by the
latch circuit formed of the PMOS transistors MP104 and MP105 and NMOS
transi stors MN103 and WN104, resulting in an anmplifi ecx %)I tage difference
bet ween the nodes STBO1 ahd STTO1,4 There i g al ready 1=

3[ et
STB02 SHOWN IN FIG. 4

STT02 SHOWN IN FIG. 4

A

A

A
VCC
GND

— CDT01
----- CDBO1
—— SAEQBO1
—— SACMO1

— STTO1
---~+ STBO1

FIG. 2<



a voltage difference between the nodes STBO1 and STTO1l, with their
vol t ages bei ng bel ow VCC, when the signal SAEQBO1 goes "high", and the
delay tinme of output response on the nodes STBO1l and STTO1 are reduced by
[err]tl as shown in Fig.5 in contrast to the circuit of Fig.2 (in which
case, SAE@BO1 goes "high", and next SACM)1 goes "high"). The sense
anplifier of this enbodinent has its qqq?er of transistors reduced to 10
fromthe conventional sense anplifie? Fig.3 having 13 transistors, and
it contributes significantly to the reduction of chip area for a nmenory
whi ch uses a |arge nunber of sense anplifiers. Fig. 6 shows a
sense anplifier acconplished by a

FIG. 3
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semi conductor integrated circuit based on the second enbodi nent of this
the first

which is derived from
IMN106 i nserted

i nvention. This sense anplifier,
enbodi ment of Fig.1l, further includes an NMOS transistor
MN101 and anot her NMOS

bet ween the NMOS transi stors MN105 and
MN107 i nserted between the NMOS transistors WMN105 and MN102.
Qf7?4their drai ns connected to the

transi st or
Specifically, the MN106 and IMN107
sources of the MN101 and MN102,
wl
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respectively, and their gates connected to the nodes STTOl and STBO1,
respectively. The source-grounded NMOS transistor MN1IO5 has its drain
connected to the joint sources of the NMOS transistors MN106, IN107, MN103
and MN104. Further included is a PMOS transistor MP106 having its drain
and source connected to the node of the source of MN101 and drain of MN10O6
and the node of the source of M10254nd drain of M107. The sense
anplifier of this enbodi ment consists of a latch circuit formed of the
PMOS transistors MP104 and MP105 and NMOS transistors MN103 and IMN104
connected as shown in Fig. 1, the NN?S transistor NNlOlg§onnected in

paral lel to the MN103,0f the latch (fircuit, jthe NvOS t§&Dsi stor MN106
connected in parallel jto the M103|@and in sgrlies|to the MN101 (and

connected at its gatefto
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the output of the inverter fornmed of the MP105 and MN104), the NMOS
transistor MN102 connected in parallel to the MN104, the NMOS transistor
IMN107 connected in parallel to the MN104 and in series to the MN102 (and
connected at its gate to the output of the inverter forned of the MP104
and MN103), and the NMOS transistor MN105 as a current source connected in
series to the M\106, M\N107, IN103 aag-ﬂpﬂ04. This sense anplifier
operates simlarly to the first enbodinment as follows. The NMOS

transi stors MN101 and MN102 anplify a small voltage difference between the
i nput signals CDTO1 and CDB01, causing the voltage on the nodes STBO1 and
STTO1 to vary. The NMOS transistors MN103 and MN104 anplify the varied

FIG. 6
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vol tages on the nodes STBO1 and STTOl1l. Thiscircuitarrangenent, in which a
.smal | voltage difference between the input signals CDTO1 and CDBOl is
anplified in two stages and the anplifying circuit is of 2-stage serial
connection of the current source transistor MNLO5 and transistor MN103 (or
IMN104), can reduce the delay tinme of output response on the node STBOl1l (or
STTO01) . In addition, during z¥$ period after output signals have

been | ed out to the nodes STBO1 and 1, e.g., "low output
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to STBO1l and "hi gh" output to STTO1, until the signals SAEQBO1 and SACM1
go "low', the NMOS transi stor MN107 having its gate connected to the node

STBO1 turns off.

having its gate

power consunption of the sense anplifier

shows the signa

Nanel y,
the first enbodi nent from

the current

f1 ow

ng in this period in the case of

t he power source to the PMOS transistor MP105

connected to the node STBO1l, to the NMOS transi stor MN102
having 1its gate supplied wth the igpqh signal CDTO1 ("high"), to the
current source NMOS transi stor MN10O5, and to the G\ND can be elimnated. As
aresult of the addition of the NMOS transistors MN106 and MN107, the

can be reduded. Fig. 7

waveforns of the sense anplifier

FIG. 8
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shown in Fig. 6. Normally, the signals SACM)1 and SAEQ@BOl1 are "Ilow',
causing the nodes STBO1 and STTOl1 to be reset to the VCC voltage. At a
time when a small voltage difference arises between the input signals
CDTO1 and CDB01, the reset signal SAEQ@BO1 is brought to "high" (i.e.
reset state is lifted), and subsequently the signal SACM)1 is brought to

“high" (i.e., sense anplifier is acgijveed). At this time, a snall
vol tage di fference energes between
-16-

FIG. 9
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t he nodes STBO1 and STTO1 (STBO1 vol tage becones | ower than STTO1
~voltage). This voltage difference is anplified by the latch <circuit forned
of the PMOS transistors MP104 and MP105 and NMOS transistors MN103 and
IMN104, resulting in an anplified voltage difference produced between the
nodes STBO1 and STTO1. This sense anplifier is different fromthe
conventional sense anplifier showfgiM4Fig.3 in that a small voltage
difference is anplified in two stages and the anplifying circuit is of
2-stage serial connection of the current source transistor MN10O5 g@nd

transistor MN103 (or MN1O), and ij can redyce the defjay time of 2utput
response oph the [node STHOIL (or ST{(1). IIn addition, durijgrt kg
period after thdg outputs|pn the L.
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nodes STBO1 and STTOl1l have varied, e.g., "high" -output to STBO1 and "I ow'
.output to STTO1l, until the signals SAEQBO1 and SACMO1 go "low', the NMOS
transi stors MN103 and MN106 having their gates connected to the node STTOl
and the PMOS transistor MP105 having its gates connected to the node STBO1
all turn off, causing the current |ISA flow ng through the current source
IMN105 to the GND to zero. 1ﬂ ggntrast, in the first enbodi nent of
Fig.1l, a current [SA flows during period fromthe power source to the
PMOS transistor MP104 having its gate connected to the node STTO01l, to the
NMOS transistor MN101 having its gate supplied with the input signal CDBO1
(VCC-V1 is higher than threshold voltage of NMOS transistor), to the
current source MN105, and to the G\D.

FIG. 11
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In the conventional sense anplifier showmn in Fig.3, the NMOS transistor
‘MN201 having its gate connected to the node STT02 and the PMOS transistor
MP105 having its gate connected to the node

-17- STB02 turn off during this period, causing the current |SA fl ow ng

t hrough the current source M\N205 to the GND to subsi de. The current
| SA flow ng through the MN105 based{on f4his enbodi nent is conpared in
Fig.7 with that of the first enbodi nent :

FIG. 12
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of" Fig.1 and the current flow ng through the M\205 of the conventi onal
.sense anplifier shown in Fig.3. The figure reveals that the second
enbodi ment of Fig.7 can reduce the current ISA relative to the first
enbodi ment, and it is conparable to that of the conventional sense
anplifier. It was confirmed that the sense anplifier of the second
enbodi nent nmade from CMOS of O. 4[er1ﬁ/n1]49rocess attains a delay tine
reduction At of 0.6 ns as conpared th the conventional sense anplifier
and, at the same tine, a load current of 200 [err]A (at 200 MHz) which is

conparable to the conventional sense anplifier. Nanely, it operak Jaster
than the cqnvent#onal ser;‘fe anpl i fijer at a;&onparabl & power cons t(Bon.
The sense gnplifier of tHijs enbodijnent al so|pperftes ijn i
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response to the rises of the SACMI1 signal to "high" and next the SAEQBO1
signal to "high" (reversed order of rising of the signals against the case
of Fig.2) simlarly to the first enbodinment shown in Fig.5, and it can
reduce the delay tinme of output response on the node STBO1 (or STTOl1l) by
[err]tl. Fig. 8 shows a sense anplifier acconplished by a

sem conductor integrated circuit basgﬁl?g the third enbodinent of this

i nvention. This sense anplifier, whi 'S derived from the second

enbodi mrent of Fig. 6, has the NMOS transistors MN106 and MNLQ/ connect ed

to receive another siggal SACMBQL on theif gates. A=
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~ Thé sense anpllf[er of this embodi ment consists of a Iatchv4;;€§éﬁ;?§;
.of the Pmms%mﬁmﬁﬁf'ﬁfm‘} 4 and MP105 and NMOS trans#5Ter a0 )3

MN104 connec Fig. 1, the NMOS transisto
parallel to latch circuit, the NMOS thadsis
connected in para el to the MN103 ang-in series to th
supplied on its gate wth the signal—~8ACMBO1l), the N
connected in psEaltetpuararhgNbEERATED EXRIVIDS t r ansi st or

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
integrated circuit having a differential amplifier which
amplifies a small signal, and particularly to a circuit
arrangement of a sense amplifier used suitably in a static RAM
(Random Access Memory).

There has been known this kind of sense amplifier having
a circuit arrangement on a semiconductor c¢hip as shown in Figq. 3.
In the figure, reference symbols CDB02, CDT02, SAEQBO2 and SACM02
denote external input signals supplied to the sense amplifier,
STB02 and STT02 are nodes for output s;i.gnal lead-out, VCC is a
supply voltage, and GND is a ground voltage.

Among the input signals, the CDB02 is fed to the gate of
an NMOS transistor MN203, the CDT02 is fed to the gate of an NMOS

transistor MN204, the SAEQB02 is fed to the gates of PMOS

<,

transistors MP201, MPZOZ_, MP203, MP.206, MP207 ana MP208, and the
SACMO2 is fed~€o the gate of an NMOS transistor MN29S. The supply
voltage VCC is fed to the sources of the PMOS: transistors MP201,
MP202, MP204, MP205, MP206 and MP207. The node STT02 is
connected to the node of drains (joint drains) of the PMOS
transistor MP205S .and NMOS transistor MN202, the joint gates of
the PMOS transistor MP204 and NMOS transistor MN201, and the drain
of the PMOS transistor MP201,

The PMOS transistor MP203 has its drain-source path
connected between the gates of the-PMOS.transistors MP204 and

MP205. The node STB02 is connected to the joint drains of the



in parallel to the MN104 and in series to the MN102 (and s
gate with the signal SACMBOl), and the NMOS transistor N
source connected in series to the MN1I0O6, MN107, MN103 and {MN104. 1yi 1997
This sense anplifier reduces the output- delay tine in the |s ne1£agﬁion as
t he second enbodinent. In addition, by Dbringing the signal 0
"l ow' during the period after output signals have been | ediout to the-
nodes STBOAME$@redd ddtoemB204 aRiddMosOt MHistod MNADL, ene jobi ~T0
STT01, when the signal SAEQBO1 is "low' anduntilthesignal SACM)1 goes
"low', thebpedle oS Tirahs is MO O 285 Carld\kidds hidn3d sktBeiMn2pat, esnsppl i ed with
the signal SACMBO1 are turned off, whereby the increase of power

Consumﬂa | OAra LB £hEnPPRVE Wt =sI6lbl Mp20 2l 0 #Hee PROS AhneTb @S SRR 08S

conpare

and MP207 have their drains connected to the drains of the

transistors MN203 and MN204, respectively.

The PMOS transistor MP208 has its drain-source path
connected between the drains of the NMOS transistors MN203 and
MN204. The NMOS transistors MN203 and MN204, with their sources
connected together, have their drains connected to the sources
of the NMOS transistors MN201 and MN202, respectively. The NMOS
transistor MN205 has its source grounded, its drain connected
to the joint sources of the NMOS transistors MN203 and MN204,
and its gate supplied with the signal SACMO2.

In this conventional sense amplifier, the NMOS transistor
MN205 serves as a current source, and a pair of NMOS transistors
MN203 and MN204 connected to the current source form a
diffé;eﬁtial .circuit. The PMOS transistor MP204 and NMOS
transistor MN201 form one inverter and the PMOS transistor MP205
and NMDS transistor MN202 form another inverter, with these
inverters forming a latch circuit. Accordingly, this sense
amplifier is a 3-stage serial connection of the latch circuit,
differential circuit and current source.

Normally, the input signal SAEQBO02 is "low", causing the
PMOS transistors MP203 and MP208 to equalize and reset the nodes
STB02 and STT02 to the supply voltage VCC, and the activation
signal SACM02 is "low" so that the sense amplifier stays inactive.

Fig.4 shows the operating waveforms of this conventional

sense amplifier. At a time when a small voltage difference



with the first enbodi ment of Fig. 1. Fig. 9 shows a sense 'anpl
acconplished by a sem conductor integrated circuit based on the: th
enbodi ment of this invention. This sense anplifier, which is defi V%QL fr
the third enbodi nent of Fig. 8, includes anNMOS transi stlor I\/INJrO859§Pn’ | age
of the PMOS transistor MP106, with its3gate being supplie _L,n_the_.sL
SACMBO1. Nanely, the sense anplifier ™~
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voltage is VCC and the CDB02 voltage is VCC-V1 (V1<VCC), the
signal SAEQB02 is brought to "high" and subsequently the signal
SACM02 is brought to "high". Consequently, a current Il flows
through the NMOS transistor MN204 and a current I1-I2 (I1>I2)
flows through the NMOS transistor MN203.

Since the nodes STB02 and STT02 are reset to the voltage
VCC, the currents Il and I1-12 flow through the NMOS transistors
MN202 and MN20l, respectively, resulting in a slight voltage
difference emerging between the nodes STB02 and STT02 (STB02
voltage becomes lowe; than STT02 voltage). This voltage
difference is amplified by the latch circuit formed of the PMOS
transistors MP204 and MP205 and NMOS transistors MN201 and MN202,
resulting in an amplified voltage difference produced between
the nodes STB02 and STTO02.

At the time of arise of a small voltage difference between
the input signals CDT02 and CDB02, the signal SACMO02 is brought
to "high", as mentioned above, thereby to activate the sense
amplifier, and the reset signal SAEQB02 is brought to "high".
Consequently, currents flow through the NMOS transistors MN203
and MN204 having the input signals CDT02 and CDB02. The values
of these currents depend on the difference of gate voltages of
the transistors MN203 and MN204. The current difference causes
the latch circuit to produce output signals, which are amplified
voltages of the input signals CDT02 and CDB02, on the nodes STB02
and STTO02.

A sense amplifier having the foregoing arrangement is

described in publication: 1992 Symposium on VLSI Circuits Digest



of this enbodinent is simlar in arrangenment to the third
‘Fig. 8. This sense anplifier reduces the output de
sanme fashion as the second enbodinment. In addition, by bri
SACMBO1 to "low' during the period after output signals h
to the nodes STBO1 and STTO1, e.g., "RKigh" output to STBO

output to STTO01l, when the signal SAEQBU1 is "low' andunti
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Japanese patent publication JP~A-Hei-5-298887 shows in
its Fig.12 a sense amplifier, which operates such that the
amplifier is rid of equalization in response to the output of
data from the DRAM memory cell, and the data is introduced through
joint-source PMOS transistors P1 and P2 located at the front of
the latch circuit.

In regard to the conventional sense amplifier shown in
Fig.3, in which the differential circuit and latch circuit are
connected in series, the current on the node STB02 (or STT02)
is drawn by way of the NMOS transistors MN201 and MN203 (or MN202

and MN204), i.e., three series NMOS transistors inclusive of the

current source transistor MN205, and the high-resistance current .’

path results in an extended output response time on the node STB02
{or STT02). Specifically, as an example of application of this
sense amplifier, a cache memory formed of a static RAM operating
at a read cycle of 66 MHz takes an output response time of aboué-
2.0 ns. In order to accomplish a cache memory which operates
as fast as 100 MHz or higher, a sense amplifier having an output
delay time of 1.5 ns or less is required.

The sense amplifier described in the U.S.Patent
No.4,504,748 does not use a latch circuit formed by CMOS inverters,
and therefore a small output voltage amplitude results ina Slower
signal propagation to the next stage.

In regard to the sense amplifier described in the JP-

A-Hei-5-298887, the joint-source PMOS transistors Pl and P2



shown in Fig. 8 and Fig. 9. During the period after the putputs __on.the
‘nodes STBO1 and STTOl1l have varied, e.g., "high" output (R@[ﬁggwaml Sijpaw
output to STTO1l, until the signals SAEQBO1 and SACM1 g
transi stor MN103 and PMOS transistor MP105 having their gat ﬁ/é)sc?nge.rqt? to
t he nodes STTO1 and STBO1 respectivelsy, turn off, and the -1 stors
MN106, WMN107 and IMN108 haV| ng their—gates suppl | ed W t 1
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a differential input configuration. On this account, the sense

amplifier suffers a smaller operdtional margin in terms of the
input voltage amplitude and a limited amplification, and
therefore it cannot deliver an amplified signal of data from a
memory cell at a high speed.

A large number of sense amplifiers are used in a memory,
and they take up a large proportion of the chip area (e.g.,5%
area for a 1M-bit cache memory), and therefore besides the
achievement of speed-up without increased power consumption, the
reduction of the number of transistors used to form a sense

amplifier thereby to reduce the chip area is also desired.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a semiconductor inteqgrated circuit for a sense atﬁplifier .
capable of reducing the output delay time which is the time length
after the sénse amplifier is activated and the reset signal
(SAEQB02) is removed until the amplifier output responses.

Another object of the present invention is to provide a
semiconductor integrated circuit for a sense amplifier capable
of reducing the output delay time without imposing an increased
power consumption, and reducing the number of constituent
elements thereby to reduce the chip area.

In order to achieve the above objects, the present
invention resides in a semiconductor integrated circuit

comprising a differential amplifying circuit formed of a first
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enbodi mrent of Fig.1l and the current flow ng through the 1\@?@2\9_9:—
-conventional sense anplifier shown in Fig. 3. Nanely, fgh g
of the third and fourth enbodi ments shown e -
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tbgether, for amplifying a voltage difference between a first
and second input signals, i.e., specifically, NMOS transistors
MN101 and MN102 for amplifying a voltage difference of input
signals CDBO1 and CDTO01 in Fig.1l, a current source connected to
the joint sources of the first and second NMOS transistors, and
a latch circuit made up of a first CMOS invertef: which is supplied
on its input with the output of the differential amplifying
circuit corresponding to the second input signal and is connected
to a first power line, i.e., supply voltage VCC, and a second
CMOS inverter which is supplied on its input with the output of
the differential amplifying circuit corresponding to the first
input signal and is connected to the first power line, the first
and second CMOS inverters having their outputs connected to the
inputs of the second and £first CMOS inverters, respectively, and
being connected in series to the current source.

The first CMOS inverter is formed of a first PMOS
transistof, i.e., MP104 in Fig.l, having its source connected
to the i?irst'power line and a third NMOS transistor, i.e., MN103,
having its draiﬁ connected to the drain of the first PMOS
transistor. The second CMOS inverter is formed of a second PMOS
transistor, i.e., MP105, having its source connected to the first
power line and a fourth NMOS transistor, i.e., MN104, having its
drain connected to the drain of the second PMOS transistor. The
current source is formed of a £fifth NMOS transistor, i.e., MN105,
having its source connected to a second power line, i.e., ground
voltage GND, its gate supplied with a third input signal, i.e.,

SACM01, and its drain connected to the socurces of the first and
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reductlon At of 0.6 ns as conpared with the conventlonalfﬁgnSQ*

and, at the sane tine, a load current of 200 [err] A (at} YW ch: i &
conparable to the conventional sense anplifier. Namely O@eﬁgﬁesﬁfastgr
than the conventional sense anplifier at a conparable po consunptlob.;
The sense anplifier of this enbodi nent.7al so operates in nmse"To " the !

rises of the SACMD1 signal to "high" amd next the SAEQB01 signal to "hlgh"

(reversedseedrd ®iod itdandipfotde signals against the c af "F g 10} and”
the SACMBOl1l signal to "low' (as same as one of Fig.10) S|n1IarIy to the

first embodi meniredeewBly) fid.-Sircald Ebroddy rieduaaeths el Ay pidoge of
out put response on the node STBO1 (or STTO1l) by [err]t1l.

transistor, i.e., MP101 in Fig.1, having its drain connected to
the gates of the first PMOS transistor and the third NMOS
transistor, the drains of the second PMOS transistor and the
second and fourth NMOS transistors, a fourth PMOS transistor,
i.e., MP102, having its drain connected to the gates of the second
PMOS transistor and the fourth NMOS transistor, the drains of
the first PMOS transistor and the first and third NMOS transistors,
and a fifth PMOS transistor, i.e., MP103 having its drain-source
path connected between the gates of the first and second PMOS
transistors, with the third, fourth and fifth PMOS transistors
being éupplied on their gates with a fourth input signal, i.e.,
SAEQBO1.

Alternatively, the circuit further includes. a sixth NMOS
transistor connected between the first NMOS transistor of the
differential amplifying circuit and the current source, i.e.,
MN106 connected between the MN101l and the current source MN10S
in‘FigEG, and supplied on its gate with the output signal of the
second CMOS inverter of the latch circuit, and a seventh NMOS
transistor connected between the second NMOS transistor of the
differential amplifying circuit and the current source, i.e.,
MN107 connected between the MN102 and the current source MN105,
and supplied on its gate with the output signal of the first CMOS
inverter of the latch circuit.

Preferably, the circuit further includes a sixth PMOS
transistor having its drain-source path connected between the

drains of the sixth and seventh NMOS transistors, i.e., MP106
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.circuit based on the fifth enbodinent of this invention. This.sense ;
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These and other objects and features of the present
invention will become more apparant from the €following

description taken in conjunction with :he accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of a sense amplifier
accomplished by a semiconductor inteqrgfed circuit based on a
first embodiment of this invention;

Fig. 2 is a waveform diagram e:xplaining the operaiion of
the sense amplifier shown in Fig.1;

Fig. 3 is a schematic diagrar of a conventional sense
amplifier;

Fig. 4 is a waveform diagram e:plaining the operation of
the conventional sense amplifier shawn in Fig.3;

Fig. 5 is a waveform diagram e: plaining the opervation of
the sefise amplifier shown in Fig.1l;

Fig. 6 is a schematic diagram of a sense amplifier
accomplished by a semiconductor inteqgrated circuit hased on a
second embodiment of this invention

Fig. 7 is a waveform diagram e:plaining the operation of
the sense amplifier shown in Fig.6;

Fig. 8 is a schematic diagram of a sense amplifier
accomplished by a semiconductor intejrated circuit based on a
third embodiment of this invention;

Fig. 9 is a schematic diagram of a sense amplifier
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-21- transistors MN109 and MN110, respectively. The MN109 an
their gates supplied with another signal SACO1. The s¢rfd
of this enbodinment is nmade up of a latch circuit fornmed of the 4 1007 i
transi stors MP104 and MP105 and NMOS transistors MN103 and 1 4't6nﬂgﬁf@d ’
as shown in Fig.1l, the NMOS transistog. MN101 connected in paralj el -
IMN103 of the latch circuit, the NMOStrTansi stor MN102 connectied i

par al | .el ta%cgpﬁlk%&ﬁ%’fyt Qeﬂgny{é‘oe;\%cgggr ner[e erdr QE?#}&EP%&M
in series to the (and supplred oni gate Wt
fourth embodiment of this invention;
Fig. 10 is a waveform diagram explaining the operation
of the sense amplifiers shown in Fig.8 and Fig.9;
Fig. 11 is a schematic diagram of a sense amplifier
accomplished by a semiconductor integrated circuit based on a
fifth embodiment of this invention;
Fig. 12 is a schematic diagram of a sense amplifier
accomplished by a semiconductor integrated circuit based on a
sixth embodiment of this invention;
Fig. 13 is a waveform diagram explaining the operation
of the sense amplifierslshown in Fig. 11 and Fig. 12; and
Fig. 14 is a waveform diagram explaining the operation

of the sense amplifiers shown in Fig. 11 and Fig. 12.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of this invention will be explained
with reference to the drawings.

*Fig.' 1 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the first embodiment
of this invention. In the figure, reference symbols CDB01l, CDTO1,
SAEQBO1 and SACMO1 denote external input signals supplied to the
sense amplifier, STBO1 and STTO0l are nodes for output signal
lead-out, VCC is a supply voltage, and GND is a ground voltage.

Among the input signals, the CDBO01l is fed to the gate of
an NMOS transistor MN101, the CDT01 is fed to the gate of an NMOS
transistor MN102, the SAEQBOl is fed to the gates of PMOS

transistors MP101, MP102 and MP103, and the SACMO1 is fed to the



t he signal SACO0l1l), and the current source NMOS transistor{ }
in series to the MN102 (and supplied on its gate wwth the ;LgnaL—SACBl)
This sense anplifier operates simlarly to the first enbpd n?qi el
follows. The NMOS transistors MN101 and MN102 anplify a pmal I' Wo tage
di fference between the input signals _{gDTOL and CDBOLl, calstreg-+he voltage
on the nodes STBOl and STTO01 to vary. e NMOS tranS|sto s MN103 and- NN104
anplify the_var I t des, SIB - trCit
arrangerreﬁf"te °é N%% Egs i ‘l“flad&g d??? gélg bet en the
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of 2- stage serT al connet he “CUrT ent- sourcé ~ transi stor 105 and

transist Ofp¥h4 03 I(h%r nwel'%%oqngsaéd%&e%fted to the joint drains of the

PMOS transistor MP105 and NMOS transistor MN104, the joint gates

of the PMOS transistor MP104 and NMOS transistor MN103, and the
drain of the PMOS transistor MP101.

' The PMOS transistor MP103 l;as its drain-source path
connected between the gates ef the PMOS transistors MP104 and
MP105. The node STBO01l is connected to the joint drains of the
PMOS transistor MP104 and NMOS transistor MN103, the joint gates
of the PMOS transistor MP105 and NMOS transistor MN104, and the
drain of the PMOS transistor MP102. The NMOS transistor MN101
has its drain connected to the joint drains of the NMOS transistor
MN103 and PMOS transistor MP104, and the joint gates of the NMOS
transistor MN104 and PMOS transistor MP105.

The NMOS transistor MN102 has its drain connected to the
joint drains of the .NMOS transistor MN104 and PMOS trensistor
MP105 and the joint gates of the NMOS transistor MN103 and PMOS
tx;ani;stor ‘MP104. The NMOS transistor MN105 has its source
grounded and its drain connected to the joint sources of the NMOS
transistors MN101l, MN102 MN103 and MN104.

The sense amplifier of this embodiment consists of a latch
circuit which is made up of a CMOS inverter formed of the PMOS
transistor MP104 and NMOS transistor MN103 and another CMOS
inverter formed of the MP105 and MN104, adifferential amplifying
circuit formed of the NMOS transistor MN101 connected in parallel
to the MN103 of the latch circuit and the NMOS transistor MN102

connected in parallel to the MN104, and a current source which



2-stage serial connection of the current source transis
transi stor MN101 (or MN110 and MN102), can reduce the d
response on the node STBO1 (or STTO1). The sign
to "high" sinmultaneously to the rise of the signal SA
signal SACO1 to "low' during the peri.g¢. after output s
out —— -22- to thi

STTO1 unt iils EQFmé& WEﬁeWQ%aﬁggsmjlos connected i
the NMOS transistors MN101l, MN102 MN103 and MN104.

The sense amplifier operates as follows.
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transistors MN101l and MN102 amplify a small voltage difference
between the input signals CDTO01 and CDB01l, causing the voltage
on the nodes STB01 and STTO01 to vary. The NMOS transistors MN103
and MN104 amplify the varied voltages on the nodes STB01 and STTO01.
This circuit arrangement, in which a small voltage difference
between the input signals CDTO01 and CDBO01l is amplified in two
stages and the amplifying circuit is of 2-stage serial connection
of the current source transistor MN105 and transistors MN101l and
MN103 (or MN102 and MN104), can reduce the delay time of output
response on the node STBO1 (or STTO01).

Fig. 2 shows the signal waveforms of the sense amplifier
shown in Fig.l. Normally, the signals SACMO1l and SAEQBOl are
"low", causing the nodes STB01l and STT0l1l to be reset to the VCC
voltage. At a time when a small voltage difference arises
between the input signals CDT01 and CDB01, e.g., the CDT01 voltage
is vece &nd the CDBO1 voltage is VCC-V1 (V1<VCC), the reset signal
SAEQBO1 is brought to "high" (i.e., reset state is lifted ), and
subsequently the signal SACMO01 is brought t? *high" (i.e., sense
amplifier is activated). Consequently, a current Il flows
through the NMOS transistor MN102 and a current I1-I2 (I1>I2)
flows through thé NMOS transistor MN101.

At this time, a small voltage difference emerges between
the nodes STBO1 and STTO01 (STBO1 voltage becomes lower than STTO01
voltage). This voltage difference is amplified by the latch

circuit formed of the PMOS transistors MP104 and MP105 and NMOS
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go "low', the NMOS transistors MN109 and MN110 having their
with the signal SACO1 are turned off, whereby the increase!
consunption can be prevented as conpared with the first e
Fig. 1. Fig. 12 shows a sense anplifier acconplished
sem conductor integrated circuit basedjgn the sixth enbod
I nvention. This sense anplifier, which TS derived from the
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sense amplifier shown in Fig.3 in that a small voltage difference
is amplified in two stages and the amplifying circuit is of
2-stage serial connection of the current source transistor MN105
and transistors MN101l and MN103 (or MN102 and MN104), and it can
reduce the delay time of output response on the node STBO1l (or
STTO01) by At, as shown in Fig.2 in contrast to the conventional
circuit of Fig.4. |

It was confirmed that the sense amplifier of this
embodiment made from CMOS of 0.4um process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier. Namely, it operates faster than the conventional
sense amplifier.

The sense amplifier of this embodiment shown in Fig.1 also
operates in response to the rises of the SACMO1 signal.to *high"
and next the SAEQBO1 signal to "high" (reversed order of rising
of_the;signdls against the case of Fig.2), as shown in Fig.5.

At a time when a small voltage difference arises between
the input signals CDT01 and CDBO1, e.g., the CDTO01 voltage is
VCC and the CDBO01 voltage is VCC-V1 (V1<VCC), the signal SACMO1
is brought to "high” and next the signal SAEQBO1l is brought to
"high". In this case, during the period when SACM01l is "high"
and SAEQBOl is "low", a current from the povwer source flows to
the PMOS transistors MP101l, MP102 and MP103, to the NMOS
transistorsMNlOl,MNlOZ,MN103andMN104,andtotheGND,causing

the voltage on the nodes STBO1 and STT01 to fall below VCC. At
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sense anplifier operates simlarly to—tte first enbodinent as follows. The
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Thi sci rcuél;iaJlr %%QGHEE'EL and the current of the NMOS transistor MN101

becomes smaller than the current of the NMOS transistor MN102.
Consequently, a slight difference emerges in the falling voltage
on the nodes STB01 and STT01 (STBCl voltage becomes lower than
STT01 voltage).

Subsequently, when the signal SAEQBO01l goes "high", the
slight voltage difference is amplified by the latch circuit
formed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104, resulting in an amplified voltage
difference between the nodes STBO1l and STT01. There is already
avoltage difference betwe'en the nodes STB01 and STT01, with their
voltages being below VCC, when the signal SAEQBO1 goes "hi.gh",
and the delay time of output response on the nodes STB01 and STT01
are reduced by Atl as shown in Fig.5 in contrast to the circuit
of Fig.2 (in which case, SAEQBOl goes “high", and next SACMO1
goes "high"),

*The sense amplifier of this embodiment has its number of
transistors reduced to 10 from the conventional sense amplifier
of Fig.3 having 13 transistors, and it contributes significantly
to the reduction of chip area for a memory which uses a large
numbexr of sense amplifiers.

Fig. 6 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the second embodiment
of this invention. This sense amplifier, which is derived from
the first embodiment of Fig.l,  further includes an NMOS

transistor MN106 inserted between the NMOS transistors MN105 and
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transistors MN105 and MN102. Specifically, the MN106 and MN107
have their drains connected to the sources of the MN101 and MN102,
respectively, and their gates connected to the nodes STTG1l and
STB01, respectively. The source~grounded NMOS transistor MN105
has its drain connected to the joint sources of the NMOS
transistors MN106, MN107, MN103 and MN104. Further included is
a PMOS transistor MP106 having its drain and source connected
to the node of the source of MN101 and drain of MN106 and the
node of the source of MN102 and drain of MN107.

The sense amplifier of this embodiment consists of alatch
circuit formed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104 connected as shown in Fig.1l, the NMOS
transistor MN101l connected in parallel to the MN103 of the latch
circuit, the NMOS transistor MN106 connected in parallel to the
MN103 and in series to the MN10l1l (and connected at its gate to
the output of the inverter formed of the MP105 and MN104), the
NMOS transistor MN102 connected in parallel to the MN104, the
NMOS transistor MN107 connected in parallel to the MN104 and in
series to the MN102 (and connected at its gate to the output of
the inverter formed of the MP104 and MN103), and the NMOS
transistor MN105 as a current source connected in series to the
MN106, MN107, MN103 and MN104.

This sense amplifier operates similarly to the first
embodiment as follows. The NMOS transistors MN101 and MN102
amplify a small voltage difference between the input signals
CDTO1 and CDB01, causing the voltage on the nodes STBO1 and STTO1

to vary. The NMOS transistors MN103 and MN104 amplify the varied
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PMOS traQﬁhﬁEOLnd CDBO1 is amplified in two stages and the amplifying

circuit is of 2-stage serial connection of the current source
transistor MN105 and transistor MN103 (or MN104), can reduce the
delay time of output response on the node STBO1l (or STTO01).

In addition, during the period after output signals have
been led out to the nodes STB01 and STT01l, e.g., "low" output
to STBO1 and "high" output to STT01l, until the signals SAEQBO1
and SACMO01 .go "low", the NMOS transistor MN107 having its gate
connected to the node STB01l turns off. Namely, the current
flowing in this period in the case of the first embodiment from
the power source to the PMOS transistor MP105 having its gate
connected to the node STB01l, to the NMOS transistor MN102 having
its gate supplied with the input signal CDT01 ("high®), to the
current source NMOS transistor MN105, and to the GND can be
eliminated. As a result of the addition of the NMOS transistors
MN106 and MN107, the power consumption of the sense amplifier
can be*reduced.

Fig. 7 shows the signal waveforms of the sense amplifier
shown in Fig. 6. Normally, the signals SACMO1l and SAEQBOl are
"low", causing the nodes STB01l and STTO01l to be reset to the VCC
voltage. At a time when a small voltage difference arises
between the input signals CDT01 and CDB0l, the reset signal
SAEQBO1 is brought to "high" (i.e., reset state is lifted), and
subsequently the signal SACMO01 is brought to "high" (i.e., sense
amplifier is activated).

At this time, a small voltage difference emerges between

01 and STTO1
unt il



MP105 havi ng their gates connected to the nodes STTO1 and
respectively, turn off, and the NMOS transi stors MN109, M
having their gates supplied with the signal SACOL are tur

bringing the signal SACOL to "low' in this period, causirg

flow ng through the current source M\4@5 MN109 and MN110
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circuit formed of the PMOS transistors MP104 and MP105 and NMOS
transistors MN103 and MN104, resulting in aﬁ amplified voltage
difference produced between the nodes STBOl and STTO1.

This sense amplifier is different from the conventional
sense amplifier shown in Fig.3 in that a small voltage difference
is amplified in two stages and the amplifying ciréuit is of
2-stage serial connection of the current source transistor MN105
and transistor MN103 (or MN104), and it can reduce the delay time
of output response on the node STBOl (or STT01).

In addition, during the pefiod after the outputs on the
nodés STBO1l and STTO01 have varied, e.g., "high" output to STBO1
and "low" output to STTO01, until the signals SAEQBO1l and SACMO1
go "low", the NMOS transistors MN103 and MN106 having their gates
connected to the node STT01 and the PMOS transistor MP105 haviﬁg
its gates connected to the node STB01l all turn off, causing the

current ISA flowing through the current source MN105 to the GND

to zerd.

In contrast, in the first embodiment of Fig.1l, a current
ISA flows during this period from the power source to the PMOS
transistor MP104 having its gate connected to the node STTO01,
to the NMOS transistor MN101l having its gate supplied with the
input signal CDB0O1l (VCC-V1 is higher than threshold voltage of
NMOS transistor), to the current source MN105, and to the GND.
In the conventional sense amplifier shown in Fig.3, the NMOS
transistor MN201 having its gate connected to the node STT02 and

the PMOS transistor MP105 having its gate connected to the node




- 24- anplifiers of the fifth and sixth enmbodi nents shown in
Fig.12 have their currents |SA reduced relative to the first
and operate faster than the conventional sense anplifier at

power consunpti on. It was confirned that the sense anpl

this enbodi ment made from CMOS of 0. 4ferr]m process attains

reduction At of 0.6 ns as conpared w th—the conventional seng
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The current ISA flowing through the MN105 based on this

embodiment is compared in Fig.7 with that of the first embodiment

of Fig.l and the current flowing through the MN205 of the

conventional sense amplifier shown in Fig.3. The figure reveals

that the second embodiment of Fig.7 can reduce the current ISA

relative to the first embodiment, and it is comparable to that

of the conventional sense amplifier.

It was confirmed that the sense amplifier of the second

embodiment made from CMOS of 0.4um process attains a delay time

reduction At of 0.6 ns as compared with the conventional sense

amplifier and, at the same time, a load current of 200 pA (at

200 MHz) which is comparable to the conventional sense amplifier.

Namely, it operates faster than the conventional sense amplifier

at a comparable power consumption.

The sense amplifier of this embodiment also operates in

response to the rises of the SACMO1 signal to "high" and next

the SAéQBOl'signal to "high" (reversed order of rising of the

signals against the case of Fig.2) similarly to the first

embodiment shown in Fig.5, and it can reduce the delay time of

output response on the node STBO1 (or STTO01l) by Atl.

Fig. 8 shows a sense amplifier accomplished by a

semiconductor integrated circuit based on the third embodiment

of this invention. This sense amplifier, which is derived from

the second embodiment of Fig. 6, has the NMOS transistors MN106

and MN107 connected to receive another signal SACMBOl on their

gates.




to the first enbodi nent shown in Fig.5 also in response to
the SACMD1 signal to "high" and next the SAEQBO01 signal to
(reversed order of rising of the signals against the case
to the rise and fall of the signal SACO1 sinmultaneously to
SACM1 and fall of SAEQBO1, respectivaly, and it can reduc
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NMOS transistor MN101l connected in parallel to the MN103

anp I ed
qduggs the

of the

latch circuit, the NMOS transistor MN106 connected in parallel

to the MN103 and in series to the MN101 (and supplied on its gate

with the signal SACMBO1), the NMOS transistor MN102 connected

in parallel to the MN104, the NMOS transistor MN107 connected

Co in parallel to the MN104 and in series to the MN102 (and supplied

on its gate with the signal SACMB01l), and the NMOS transistor

MN10S5 as a current source connected in series to the MN106,

MN103 and MN104.

MN10Q7,

This sense amplifier reduces the output delay time in the

same fashion as the second embodiment. 1In addition, by bringing

the signal SACMBO1 to "low" during the period after output signals

have been led out to the nodes STB01 and STT01, e.g., "high"

output

to STBO1l and "low"™ output to STT01l, when the signal SAEQBO1 is

"low"” anduntil the signal SACM01 goes "low", the NMOS transistors

MN106 ‘and MN107 having their gates supplied with the

signal

SACMBO1 are turned off, whereby the increase of power consumption

can be prevented similarly to the second embodiment as compared

with the first embodiment of Fig. 1.

Fig. 9 shows a sense amplifier accomplished

by a

semiconductor integrated circuit based on the fourth embodiment

of this invention. This sense amplifier, which is derived from

the third embodiment of Fig. 8, includes an NMOS transistor MN108

in place of the PMOS transistor MP106, with its gate being

supplied with the signal SACMBOl. Namely, the sense amplifier



Wi t hout inposing the increase of power consunption relativerto—the
conventional sense anplifier. The inventive sense appREiRLASENENS SHEE,
reduced nunber of transistors as conpared with the convent|ongat—sense :
anplifier, <contributing to the reduction of chip area, and]cq nqegumliggjo
-25- the enhancenent of yield and thejgeduction of manufacfufing cost.

Wil e the present invention has been deseribed for its

of this embodiment is similar in arrangement to the|<hird

embodiment of Fig. 8.

This sense amplifier reduces the output delay time in the
same fashion as the second embodiment. In addition, by bringing
the signal SACMBO1 to "low" during the period after output signals
have been led out to the nodes STB01 and STT01, e.g., "high" output
to STBO1l and "low" output to STT01, when the signal SAEQBO1 is
*low" and until the signal SACM01 goes "low", the NMOS transistors
MN106, MN107 and MN108 having their gates supplied with the signal
SACMBO1 are turned off, whereby the increase of power consumption
can be prevented similarly to the second embodiment as compared
with the first embodiment of Fig. 1.

Fig. 10 shows the signal waveforms of the sense amplifiers
shown in Fig. 8 and Fig. 9. During the period after the outputs
on the nodes STB01l and STTO01l have varied, e.g., "high" output
to STB01 and "low" output to STT01, until the signals SAEQBO1
and SACMO1 go "low", the NMOS transistor MN103 and PMOS transistor
MP105 having their gates connected to the nodes STT01 and STBO1
re;pecﬁively, turn off, and the NMOS transistors MN106, MN1.07
and MN108 having their gates supplied with the signal SACMBO1
are turned off by bringiﬁg the signal SACMBO1l to "low" in this
period, causing the current ISA flowing through the current
source MN10S to the GND to zero.

The current ISA flowing through the MN105 based on this
embodiment is compared in Fig. 10 with that of the first
embodiment of Fig.l and the current flowing through the MN205
of the conventional sense amplifier shown in Fig. 3. Namely,

the sense amplifiers of the third and fourth embodiments shown
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departing fromthe spirit of the invention. . . e
-22- WHAT IS CLAIMED | S 1. A seniconductor integrated cf rg@ Ui 1997
conpri si ng: a first and second input signal |ines; a

differential anmplifying circuit inclquﬂg a first and secgnd NMOS
transistors, wth the sources thereof ng

in Fig. 8 and Fig. 9 respectively have their currents ISA redaced
relative to the first embodiment and comparable to the
conventional sense amplifier.

It was confirmed that the sense amplifier of this
embodiment made from CMOS of 0.4um process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier and, at the same time, a load current of 200 A (at
200 MHz) which is comparable to the conventional sense amplifier.
Namely,itoperatesfasterthantheconventionalsenseampiifier
at a comparable power consumption.

The sense amplifier of this embodiment also operates in
response to the rises of the SACM01l signal to "high" and next
éhe SAEQBO1 signal to "high" (reversed order of rising of the
signals against the case of Fig.10) and the SACMBO1 signal to
"low" (as same as one of Fig.10) similarly to the first
embodiment shown in Fig.5, and it can reduce the delay time of
output response.on the node STB01 (or STTO01l) by Atl.

Fig. 11 shows a sense amplifier accomplished by a
sgmicohductor integrated circuit based on the fifth embodiment "
of this invention. This sense amplifier, which is derived from
the third embodiment of Fig. 8, includes source-gréunded NMOS
transistors MN109 and MN110 in place of the NMOS transistors MN106
and MN107, with their drains being connected to the sources of
the NMOS transistors MN101 and MN102, respectively.
Accordingly, the NMOS transistors MN103 and MN104 have their
joint sources connected to the drain of the source-grounded NMOS
transistor MN105. The NMOS transistors MN10l and MN102 have

theirsourcesconnectmdtothedrainsofthesource-groundedNMOS



connect ed together, for anplifying a voltage difference off &a-"%i-
'second input signals on said first and second input signal {I'TNES;

a current source connected to the sources of said first and segodtHiNGOB
transistors; and a latch circuit nade up of a firgt {CMOS inverter

which is supplied on its input with Hhhe output of said dijfferential
anplifier corresponding to said secon&~anut signal and i§ connected:to a

first powglankhBeorshl189 SeeOMEl (VO spua @ y\Whi Bt nisosupRMd 0ON its
input with the output of said differential anplifier corresponding to said

first i npaveStd8dt fdtds SuppPDo@Gifth baotRes digndl BAWeL.|ine, said first
and second CMOS

The sense amplifier of this embodiment is made up of a

latch circuit formed of the PMOS transistors MP104 and MP105 and
NMOS transistors MN103 and MN104 connected as shown in Fig.l,
the NMOS transistor MN101l connected in parallel to the MN103 of
the latch circuit, the NMOS transistor MN102 connected in
parallel to the MN104, the current source NMOS transistor MN109
connected in series to the MN101 (and supplied on its gate with
the signal SAC01), and the current source NMOS transistor MN110
connected in series to the MN102 (and supplied on its gate with
the signal SAC01l).

-'This sense amplifier operates similarly to the first
embodiment as follows. The NMOS transistors MN101l and MN102
amplify a small voltage difference between the input signals
CDTO01 and CDB01, causing the voltage on the nodes STB01 and STTO01
to vary. The NMOS transistors MN103 and MN104 amplify the varied
voltages on the nodes STBO1 and STT01. This circuit arrangement,
in_whiéh a small voltage difference between the input signals
CDTO01 and CDB0l is amplified in two stages and the amplifying
circuit is of 2-stage serial connection of the current source
transistor MN10S and transistor MN103 (or MN104) and also of
2-stage serial connection of the current source transistor MN109
and transistor MN101l (or MN110 and MN102), can reduce the delay
time of output response on the node STBO1l (or STTO0l).

The signal SACO01 is brought to "high" simultaneously to
the rise of the signal SACM0O1. By bringing the signal SACO01 to

"low" during the period after output signals have been led out



I nverters having their outputs connected to the inputs of {
first CMOS inverters, respectively, and being connected in
current source. 2. A sem conductor integrated circuit
claiml, wherein said first CMOS inverter consists of a fi
transistor having its source connectedybo said first power
third NMOS transistor having its drai r—¢onnected to the dr

] ACRRATRIT QLI
2PEFLAGEREAT BHEET
series t.o said
acicot @i g B/
r st PMOS
line and a
aln of said:

first PND@J&P&"&&&&Qémﬁ‘iaﬁdsﬁ%&du@{éﬁtﬁél\é%hﬂs sReBBL $lahd¥ackesecond PMS

transi stor having 1ts source connecte

go "low", the NMOS transistors MN109 and MN110 having their gates
supplied with the signal SACOl are turned off, whereby the.
increase of power consumption can be prevented as compared with
the first embodiment of Fig.l.

Fig. 12 shows a sense amplifier accomplished by a
semiconductor integrated circuit based on the sixth embodiment
of this invention. This sense amplifier, which is derived f.rom
the fourth embodiment of Fig. 9, includes source-grounded NMOS
transistors MN109 and MN110 in place of the NMOS transistors MN106
and MN107, with their drains being connected to the sources of
the NMOS transistors MN101 and MN102, respectively.
Accorciingly, the NMOS transistors MN103 and MN104 have their
joint sources connected to the drain of the source-grounded NMOS
transistor MN105. The NMOS transistors MN101l and MN102 have
their sources connected to the drains of the source-grounded NMOS
transistors MN109 and MN110, respectively. The MN109 and MN110
have their gates supplied with another signal SAC0l. Namely,
the sense amplifier of this embodiment is similar in arrangement
to the fifth embodiment of Fig. 11.

This sense amplifier operates similarly to the first
embodiment as follows. The NMOS transistors MN101l and MN102
amplify a small voltage difference between the input signals
CDTO01 and CDBO01, causing the voltage on the nodes STBO1 and STTO1
to vary. The NMOS transistors MN103 and MN104 amplify the varied
voltages on the nodes STBO1 and STT01. This circuit arrangement,
in which a small voltage difference between the input signals

CDT01 and CDBO1 is amplified in two stages and the amplifying
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‘a fourth NMOS transistor having its drain connected to fh g rr-of—sam
second PMOS transistor, and said current source consistp of %§UU¥k§QWK
transistor having its gate supplied with a third input Bbi nél and iIts
drain connected to the sources of said first and second == TT-anSTStU
3. A sem conductor integrated circuit—according to clainf2 further
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transistor MN10S and transistor MN103 (or MN104) and also of
2-stage serial connection of the current source transistor MN109
and transistor MN101l (or MN110 and MN102), can reduce the delay
time of output response on the node STBOl (or STTO01l).

The signal SACO0l is brought te "high" simultaneously to
the rise of the signal SACM01. By bringing the signal SACO01 to
"low" during the period after output signals have been led out
to the nodes STB01 and STTO01 until the signals SAEQBO1 and SACMO1
go "low", the NMOS transistors MN109, MN110 and MN108 having theix
gates supplied with the signal SACOl are turned off, whereby the
increase of power consumption can be prevented as compared with
the first embodiment of Fig. 1.

Fig. 13 shows the éignal waveforms of the sense amplifiers
shown in Fig.1l1l and Fig.12. During the period after the outputs
on the nodes STB01 and STTO0l have varied, e.g., "high" output
to STBO01l and "low" output to STTO0l, until the signals SAEQBO1l
and SACM01 go "low", the NMOS transistor MN103 and PMOS transistor
m_>105 having their gates connected to the nodes STTO01 and STBO1
respectively, turn off, and the NMOS transistors MN109, MN11l0
and MN108 having their gates supplied with the signal SACO01l are
turned off by bringing the signal SAC01 to “low" in this period,
causing the current ISA flowing through the current source MN105,
MN109 and MN110 to the GND to zero.

The current ISA flowing through the MN105 based on this
embodiment is compared in Fig.13 with that of the first embodiment
of Fig.1l and the current ISA flowing through the MN205 of the

conventional sense amplifier shown in Fig.3. Namely, the sense
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enbodiment, and operate faster than the conventional sense
anplifier at a eomparable power consumption.

It was confirmed that the sense amﬁlifier of this
embodiment made from CMOS of 0.4um process attains a delay time
reduction At of 0.6 ns as compared with the conventional sense
amplifier. Namely, it operates faster than the conventional
sense amplifier.

The sense amplifier of this embodiment operates similarly
to tﬁe first embodiment shown in Fig.5 also in response to the
rises of the SACM01 signal to "high"” and next the SAEQBO1 signal
to "high" (reversed order of rising of the signals against the
case of Fig. 13) and to the rise and fall of the signal SACO1
simultaneously to the rise of SACMO1 and fall of SAEQBO1,
respectively, and it can reduce the delay time of output response
on the node STBO1l (or STTO01l) by AtS5, as shown in Fig.14.

As will be appreciated from the foregoing embodiments,
the present. invention reduces the response time of sense
amplifier after a voltage difference arises between the input
signals and the amplifier is rid of being reset and get activated
until it delivers an amplified voltage difference.

The inventive sense amplifier reduces the response time
without imposing the increase of power consumption relative to
the conventional sense amplifier.

The inventive sense amplifier has a reduced number of
transistors as compared with the conventional sense amplifier,

contributing to the reduction of chip area, and consequently to



4. A sem conductor integrated circuit according to claim3 tRERLACEMENT SHEET
i ncl udi ng: a sixth NMOS transistor connected in serig¢s|{befween sara .
first NMOS transistor of said differential amplifying circuft | dng $bd9g7

current source and supplied on its gate with the out put
-28- signal of said second CMOS invepker of said latch cirguit; and
a seventh NMOS transistor connected i-r—series between said

the enhancement of yield and the reduction of manufacturingcost.
While the present invention has been described for its
preferred embodiments, changes and modifications can be made

without departing from the spirit of the invention.



second NMOS transistor of Said differential anplifying ci sa '
Sﬁgﬁ%bﬁﬁw BT

~current sourc its gate with the output

first CMOS in m-g mmi %”mtch circuit. 5. A semjc nduct%
integrated cireurt accordisn o claim4 further including: § $93| At
PMOS transistor having its dra| n- souLgge path connected het
of said sixth and seventh NMOS transStstors and being sugplied onits gate

W t h the ?rurt nal . 6. A semconductor ifdtegrated circuit

h
accordi ng Tt %rp@MEPquher i ncl udi ng:

1. A semiconductor integrated circuit comprising:

a first and second input signal lines;

a differential amplifying circuit including a first and
second NMOS transistors, with the sources thereof being
connected together, for amplifying a voltage difference of a
first and second input signals on said first and second input
signal lines;

a current source connected to the sources of said first
and second NMOS transistors; and

a latch circuit made up of a first CMOS inverter which
is supplied on its input with the output of said differential
amplifier corresponding to said second input signal and is
connected to a first power line, and a second CMOS inverter which
is supplied on its input with the output of said differential
amplifier corresponding to said first input signal and is
connected to said first power line, said first and second CMOS
inveréers having their outputs connected to the inputs of said
second and first CMOS inverters, respectively, and being

connected in series to said current source.

2. A semiconductor integrated circuit according to claim 1,
wherein said first CMOS inverter consists of a first PMOS
transistor having its source connected to said first power line
and a third NMOS transistor having its drain connected to the
drain of said first PMOS transistor, said second CMOS inverter

consists of a second PMOS transistor having its source connected

!
|
!
!
L
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a SIXth NMOS tran5|stor “connected in series between said first—NVES
transi stor of @l amplifying circuit and sai § RERLASEMENT SHEE
sour ce; ﬂ E ” Eﬁ“@ transi stor connected in seri¢s rmEEﬂrsmn1k~
second NMOS transms or of sai*d differential anplifying circgit Jagdjgﬁqgg?
current source; and a sixth PM3S transistor having j{t rai n-source
path connected between the drains of7sald sixth and sevent "

transi st s sand ﬂl&ismg%&amhmd a0 4 tESugeh aMaist Bir Al Staur hdw fmpts si gnal
said sixth and seventh NMOS transistors being supplied on therr gates wth
a fifth idydiln Sogedted to the drain of said second PMOS transistor, and

said current source consists of a fifth NMOS transistor having

its gate supplied with a third input signal and its drain

connected to the sources of said first and second NMOS

transistors.

3. A semiconductor integrated circuit according to claim 2
further including:

a third PMOS transistor having its drain connected to the
gates of said first PMOS transistor and said third NMOS transistor
and the drains of said second PMOS transistor and said second
and fourth NMOS transistors;

a fourth PMOS transistor having its drain connected to
the gates of said second PMOS transistor and said fourth NMOS
transistor and the drains of said first PMOS transistor and said
first and third NMOS transistors; and

a fifth PMOS transistor having its drain-source path
copnecﬁed between the gates of said first and second PMOS
transistors,

said third, fourth and fifth PMOS transistors being

supplied on their gates with a fourth input signal.

4. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor connected in series between said

first NMOS transistor of said differential amplifying circuit

and said current source and supplied on its gate with the output
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I-ncl udi ng: | transi stor connected in se h SR
first NMOS traHH,mmllmi,U Mi fferential anplifying circuif and sard
current source;* ¢ L th NMOS transistor connected iin {sgrilél 1997 *z
between said second NMOS transistor ofgsaid differential ampli fying

circuit and said current source; and—

signal of said second CMOS inverter of said latch circjiti:and i

a seventh NMOS transistor connected in series between said
second NMOS transistor of said differential amplifying circuit
and said current source and supplied on its gate with the output

signal of said first CMOS inverter of said latch circuit.

5. A semiconductor integrated circuit according to claim 4
further including:
a sixth PMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors and being supplied on its gate with the fourth ii.{put

signal.

6. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor connected in series between said
first NMOS transistor of said differential amplifying circuit
and said current source;

} a seventh NMOS transistor connected in series between said
second NMOS transistor of said differential amplifying circuit
and said current source; and

a sixth PMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors and being supplied on its gate with the fourth input
signal,

said sixth and seventh NMOS transistors being supplied

on their gates with a fifth input signal.



an e ght h NGy b RSih fie f1ayi Ng its drain-source path conrle BEBHAGRMENT fHEE
‘the drains o mmMMH Eﬂsevent h NMOS transistors, sal d_ STXTH;7}
seventh and ek 0 istors being supplied on their date§ JNhGe; |

fifth i nput signal. 8. A sem conductor integrated circuyit}_according to]
claim3 further including: az2ed xth NMOS transistor jhaving its -
drai n-source path connected in serié&S between said first N transistor
of said diffemeabhidomigaitiokyinteqiated &iadnditsacdozdtngdtotein|i ne; o
a seventh NMOS transi stor having its drain-source path

further including: .

a sixth NMOS transistor connected in series between said
first NMOS transistor of said differential amplifying circuit
and said current source;

a seventh NMOS transistor connected in series between said
second NMOS transistor of said differential amplifying circuit
and said current source; and

an eighth NMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS

.transistors,
said sixth, seventh and eighth NMOS transistors being

supplied on their gates with a fifth input signal.

8. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor having its drain-source path
connected in series between said fifst NMOS transistor of said
d;fferéntiai amplifying circuit and said second power line;

a seventh NMOS transistor having its drain-source path
connected in series between said second NMOS transistor of said
differential amplifying circuit and said second power line; and

a sixth PMOS transistor having its drain-source path
¢c¢onnected between the drains of said sixth and seventh NMOS
transistors and being supplied on its gate with the fourth input
signal,

said sixth and seventh NMOS transistors being supplied

on their gates with a sixth input signal.
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9. A semiconductor integrated circuit according to claim 3
further including:

a sixth NMOS transistor having its drain-source path
connected in series between said first NMOS transistor of said
differential amplifying circuit and said second power line;

a seventh NMOS transistor having its drain-source path
connected in series between said second NMOS transistor of said
differential amplifying circuit and said second power line} and

an eighth NMOS transistor having its drain-source path
connected between the drains of said sixth and seventh NMOS
transistors,

said sixth, seventh and eighth NMOS transistors being

supplied on their gates with a sixth input signal.
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ABSTRACT OF THE DISCLOSURE

A sense amplifier, which is intended to reduce the output response
time after it has received a small voltage difference until it delivers
amplified output signals, consists of a latch circuit made up of a pair of
CMOS invertefs, a pair of NMOS transistors connected in parallel to the
latch circuit, a.nd a current source-connected in series. to the latch circuit
and NMOS transistor pair. The NMOS transistors amplify a small voltage
difference of input signals, and the inverters of the latch circuit further
amplify the resulting voltage difference to produce the output signals.
Based on that a small voltage difference of input signals is amplified in two
stages and that the amplifying circuit is of 2-stage serial connection of the
current source and the NMOS transistor or CMOS inverter, the delay time

of output response can be reduced.

FIG. 1
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SENSE AMPLIFIER CIRCUIT

BACKGROUN.D OF THE INVENTION

The present invention relates to a semiconductor
integrated circuit having a ‘differential amplifier which
amplifies a small signal, and particularly to a circuit
arrangement of a sense amplifier used suitably in a static RAM
{Random Access Memory)..

There has been known this kind of sense amplifier having
a circuit arrangement on a semiconductor chip as shown in Fig.3.
In the figure, reference symbols CDB02, CDT02, SAEQBO2 and SACMO02
denote external input signals supplied to the sense amplifier,
STB02 and STT02 are nodes for output s.ignal lead-out, VCC is a
supply voltage, and GND is a ground voltage.

Among the input signals, the CDB02 is fed to the gate of
an NMOS transistor MN203, the CDT02 is fed to the gate of an NMOS
transistor MN204, the SAEQB02 is fed to the gates of PMOS
{ ' transistors MP201, MP202, MP203, MP‘ZOS, MP207 fund Mp208, and the
SAQMOZ is fed-t:o the gate of an NMOS transistor MNZ@S. The supply
voltage VCC is fed to the sources of the PHOS: _transi.stors MP201,
MP202, MP204, MP20S, MP206 and MP207. The node STT02 is
connected to the node of drains (joint drains) of the PMOS
transistor MP205 .and NMOS transistor MN202, the joint gates of
the PMOS transistor MP204 and NMOS transistor MN201, and thedrain
of the PMOS transistor MP201.

The PMOS transistor MP203. has its drain-source path
connected between the gates of the-PMOS.transistors MP204 and

MP205. The node STB02 is connected to the joint drains of the

=y
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SENSE AMPLIFIER CIRCUIT

ABSTRACT OF THE DISCLOSURE

A sense amplifier, which is intended to reduce the output response
time after it bas received a small voltage difference until it delivers
amplified output s;'.gnals. consists of a latch circuit made up of a pair of
CMOS inverte;-s, a pair of NMOS transistors connected in parallel to the
latch circuit, a-nd a current source-connected in series to the latch circuit
and NMOS transistor pair. The NMOS transistors amplify a small voltage
difference of input signals, and the inverters of the latch circuit further
amplify the resulting voltage difference to produce the: output .signals.
Based on that a small voltage difference of input signals is amplified in two
stages and that the amplifying circuit is of 2-stage serial connection of the
current source and the NMOS transistor or CMOS inverter, the delay time

of output response can be reduced.

FIG. 1



